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IN OEE: 


The following reports will constitute the series of the GEroLoGicaL 
EXPLORATION oF THE FortirTH PARALLEL: 

Volume I. Systematic Geology. 

Volume II. Descriptive Geology. 

Volume III. Mining Industry. 

Volume IV. Zodlogy and Paleontology. 

Volume V. Botany. 

The present, or Volume III, has been first prepared and published, 
because its subject, Mining Industry, is most directly applicable to the mate- 
rial development of that great extent of mountain territory opened up by the 
Pacific Railroad. 

The other volumes will be pressed to completion with all possible rapid- 
ity. The Atlas of Topographical and Geological maps, necessarily the latest 


of the publication, will be issued in 1871. 
CLARENCE KING, 


U. S. Geologist in charge. 
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Orricr or THE U. 8. Gnotogican ExPLoration 
oF THE FortTIETH PARALLEL. 

GENERAL: On March 21, 1867, I had the honor of receiving your letter 
appointing me Geologist in Charge of the Geological Exploration of the 
Fortieth Parallel, and defining my duties. I was therein directed to investi- 
gate the mining regions adjacent to the 40th parallel. 

With a view most completely to accomplish this work, I detailed the 
first geological assistant of my corps, Mr. James D. Hague, instructing him 
to devote his time to the study of the engineering and economy of those 
mining districts in Nevada and Colorado which afford the most instructive 
results, and produce the largest yield of the precious metals. 

Mr. Hague brought to this grave task education and an ample practical 
experience. In my belief he has achieved a thorough-survey of his subject, 
and upon the title page of the volume herewith submitted, I have given 
his name its merited prominence. 

Assistant Arnold Hague adds a paper on the ‘‘Chemistry of the Washoe 
Silver Process,” and one on the “‘ Geology of the White Pine Mining District.” 

Assistant 8. F. Emmons presents an account of the “Geology of the 
Toyabe Range,” a region well known as containing the silver districts of 
Reese River. 

“The Geological Distribution of Mining Districts,” “The Comstock 
Lode,” and the ‘‘Green River Coal Basin,” are the subjects upon which I 
myself have been able to contribute chapters. 

In transmitting the present or Volume III on Mining Industry, permit 
me to express the hope that it may realize your expectation and be thought 
to deserve the generous facilities you have placed at our command. 

I am, General, very respectfully, your obedient servant, 
CLARENCE KING, 
Geologist in Charge. 

Major General A. A. Humpnreys, 

Commanding Corps of Engineers, 
Washington, D. C. 
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CHAPTER I. 
MINING DISTRICTS. 


THEIR DISTRIBUTION AND GEOLOGICAL MODE OF OCCURRENCE. 


West of the hundredth meridian, and bordering the Pacific Ocean from 
Southern Mexico to the Arctic Sea, stretches a series of mountain chains and 
elevated plateaus. From a width of four hundred miles on the Mexican line, 
it rapidly widens to the north, reaching its greatest expansion on the fortieth 
parallel, where the actual mountain zone is over one thousand miles wide. 
From this point it again narrows toward the north, diminishing to four hun- 
dred miles upon the northwest boundary line. 

The central portion of this area is embraced under the general name of 
the Great Basin. This term, first applied by Frémont, was intended only to 
cover a depressed region whose streams never reached the ‘ocean; but it has 
gradually been widened to include all that barren middle ground between the 
California mountains and the Rocky system. 

The Great Basin is walled upon the west by the Sierra Nevada Range. 
Its eastern boundary is the Wahsatch Chain. A section across the five hundred 
miles of intervening country, along the fortieth parallel, shows a rapid descent 
from the Sierra summit, whose elevation at this point is about ten thousand feet, 
to a depressed zone of country which skirts the great range for a thousand miles 
and spreads out to the east in comparatively level deserts, its surface here and 
there interrupted by abrupt chains of mountains. From this area of desert 
lowland, averaging in altitude about four thousand feet above sea-level, the 
country gradually ascends to the eastward, the surface being occupied by a 
succession of meridional ranges separated by trough-like valleys. Where the 
fortieth parallel intersects the hundred and sixteenth meridian of west longi- 
tude the rise culminates, and passing thence eastward the general profile of the 
plateau sinks gradually to a second belt of depressed plains, whose aridity rivals 
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those of the Nevada Basin. The desert basin of Utah is still further suggestive 
of Nevada, since the lofty Wahsatch rises abruptly from its level, scored by 
sharp cafions, closely resembling the eroded front of the Sierra. The average 
altitude of the entire system of parallel ranges which trace themselves from 
north to south across the Great Basin is not far from nine thousand feet. 
The plains, from a level of four thousand feet, which is about the height of 
the basins of Nevada and Utah, rise to a mean elevation of six thousand 
feet in the middle of the system. 

If a circle be traced from this central point, latitude forty and longitude 
one hundred and sixteen, with a radius of two hundred and fifty miles, the 
circumference will be found to mark a continuous chain of depressions. The 
middle plateau of Nevada is, then, an important center of elevation and of 
drainage. ‘ 

The depressions of the ring are dreary reaches of desert where fields of 
sand alternate with alkaline plains, where, in the brilliant dry air, the eye may 
range over expanses of desolate lowland, naked and devoid of all vegetation 
except those blighted-looking forms of life, the sages, which rather intensify 
than relieve the deathly aspect of the scene. The central plateau region is 
somewhat more favored; occasional grassy valleys interrupt the sage plains, and 
the mountains are less sterile and forbidding. ‘Trees, which were almost 
wholly absent in the lowland, occur on the loftier ranges; and, near the per- 
petual snow, which here and there caps the higher summits, an extraordinary 
fertility is developed. 

A glance at any physical map of this region shows a general parallelism 
of ridges with a prevailing northwest trend. The materials of this immense 
mountain area are infinitely varied, ranging from the earliest to the most 
recent deposits, and embracing almost all known species of sedimentary and 
eruptive products. ‘The greater part of the rock is a series of conformably 
stratified beds, reaching from the early Azoic up to the late Jurassic period, 
when these level beds were compressed into vast mountain corrugations and 
elevated above the sea in a general, wide, and high plateau. Accompanying 
the upheaval and crumpling of this great oceanic family, and bursting from its 
fractured folds, are important masses of granite, penetrating the axes of the 
flexures and breaking through lateral fissures. Quartz-porphyries, felsite 
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rocks, and, notably, syenitic granite, with occasional occurrences of granulite 
and greisen, accompany the ejections of granite. 

The date of this orographical period is assigned to the late Jurassic, on 
grounds which will be found fully discussed in the first volume of the present 
series. It is but just, however, to state here that the foundation of this 
important discovery in geological dynamics was laid by Professor J. D. Whit- 
ney, who early pointed out that the Sierra Nevada was folded after the Lias 
and prior to the Cretaceous, whose strata of sand and clay rocks repose 
unconformably upon the upturned and metamorphosed mass of Jurassic 
slates. 

This Exploration has demonstrated that all the parallel ranges of the 
Great Basin, including the chain of the Wahsatch, its eastern wall, belong to 
the same system of upheaval, and that, while the Pacific built upon the west- 
ern base of the Sierras those fringing deposits of sand and clay which thickened 
through the undisturbed period of the Cretaceous and a wide range of the 
Tertiary, the Atlantic, or, more exactly, that ocean which covered the Missis- 
sippi Basin, beat upon the east flank of the Wahsatch and laid down a series of 
Cretaceous and Tertiary strata, exactly corresponding with the coast deposits 
of the Pacific. 

At length, after accumulating to an extraordinary thickness, these outly- 
ing and later shore-beds, subsequently to the Miocene, were themselves foided 
into mountains parallel and outside of the earlier system. 

As granites accompanied the upheaval of the earlier stratified group, so 
volcanic rocks have poured out from ruptures of the second mountain uplift. 
From the crests of the ranges, from the fissured bottom of the Pacific Ocean, 
from innumerable vents over the whole area of the western mountain system, 
there burst forth a series of volcanic eruptions which in many instances have 
overflowed and completely masked the earlier ranges, and in others have filled 
old depressions, building everywhere immense piles of lava mountains, and 
lifting here and there volcanic cones of the most impressive order. 

Long prior to the deposition of the great Paleeozoic beds, a limited 
group of chains, composed of granites with crystallme schists and interstrati- 
fied layers of specular iron, was lifted in Arizona and probably over a con- 
siderable area of North Central Mexico. Later than the main Tertiary moun- 
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tain building, which resulted in the Pacific Coast Ranges and the important 
chains east of the Wahsatch, a final series of disturbances has taken place. 
But neither are these earliest nor latest dynamical epochs of so considerable 
geographical importance, nor are they so closely connected with the objects 
of this volume, as to merit more than this passing allusion. 

Unfortunately, no general map of the topography of the far west is suffi- 
ciently accurate in detail to serve as a satisfactory basis for a study of the 
intricate and extended problem of mountain geology. The Warren map of 
the United States Engineer Department, by far the fullest and most reliable 
authority extant, is sufficient to illustrate the larger outlines of topography. 
A section of this valuable map is given in Atlas-Plate I, including the main 
central region of the Great Basin, with a part of the coast system of Cali- 
fornia and the outlying chains of the Rocky Mountains. 

This Exploration has been confined to a belt one hundred miles from 
north to south, bordering the fortieth parallel, upon which line the mountains 
reach their widest expansion. It has extended from east to west between the 
meridians of one hundred and nine ard one hundred and twenty, as a con- 
tinuous survey, and has gone outside this belt to examine certain important 
mining districts. s 

The whole field of labor undertaken by the corps is shown upon Atlas- 
Plate I; and all the more productive mining localities, embraced within its 
observation, are indicated by red lines. 

A brief study of this map will teach the one great and prominent law of 
arrangement of Cordillera mountain chains, namely, that they trend from north 
to south, or northwest to southeast—in other words, longitudinally with the 
main axis of the whole system of elevation. In strict subordination to this 
longitudinal direction of ranges are grouped all the structural features of local 
geology. ‘The average strike of the great areas of upturned strata is gener- 
ally with the meridian. All the larger outbursts of granitic rocks conform 
to it as well, since their vents are most commonly the axial lines of actual 
folds; and, lastly, when the Tertiary uplift occurred, its ranges bordered the 
older mountains in parallelism, and the volumes of lavas accompanying it found 
exit through longitudinal vents, and either built themselves up along the 
ancient lines of structure, or, through new fissures, piled ‘up chains of volcanoes 
conforming in trend with the general north and south plan. 
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Over the whole Cordilleras are found localities of the precious metals ; 
and it is not surprising to observe that, following its leading structural idea, 
they appear to arrange themselves in parallel, longitudinal zones. 

This zonal parallelism was first indicated by Professor William P. Blake, 
in a note in his “Catalogue of California Minerals.” It is obviously true, as he 
has indicated, and it is probable that the idea could be carried much further 
than he has done. The Pacific Coast Ranges, upon the west, carry quick- 
silver, tin, and chromic iron. The next belt is that of the Sierra Nevada and 
Oregon Cascades, which, upon their west slope, bear two zones, a foot-hill 
chain of copper mines, and a middle line of gold deposits. ‘These gold veins 
and the resultant placer mines extend far into Alaska, characterized by the 
occurrence of gold in quartz, by a small amount of that metal which is 
entangled in iron sulphurets, and by occupying splits in the upturned meta- 
morphic strata of the Jurassic age. Lying to the east of this zone, along 
the east base of the Sierras, and stretching southward into Mexico, is a chain 
of silver mines, containing comparatively little base metal, and frequently 
included in volcanic rocks. 

Through Middle Mexico, Arizona, Middle Nevada, and Central Idaho, is 
another line of silver mines, mineralized with complicated association of the 
base metals, and more often occurring in older rocks. Through New Mexico, 
Utah, and Western Montana, lies another zone of argentiferous galena lodes. 
To the east, again, the New Mexico, Colorado, Wyoming, and Montana gold 
belt is an extremely well defined. and continuous chain of deposits. 

In the history of the entire Cordillera there are, then, two periods of 
orographical disturbance which have been accompanied by the rending of 
mountain chains and the ejection of igneous rocks. Such periods as these, 
of course, afford the conditions of solfataric action and the consequent forma- 
tion of metal-bearing lodes. That period which culminated in the Jurassic, 
produced over the entire system a most profound disturbance, and is, in all 
probability, the dating point of a large class of lodes. To the second, or Ter- 
tiary period, may be definitely assigned those mineral veins which traverse the 
early volcanic rocks. 

These two periods have produced two types of metalliferous lodes. 
First ; those veins which are wholly inclosed in the granites, or in the more 
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or less metamorphosed strata of that series which extends, with perfect con- 
formity, from the Azoic up to the Jurassic. The latter are generally found 
occupying planes of stratification or jointings developed by metamorphism; and 
although they closely conform in dip and strike to the country rock, the 
clay selvages and striated surfaces of the quartz, together with a usually 
unbroken continuity downward, seem to indicate an origin similar to true fis- 
sure veins. Of this type are, prominently, the gold veins of California. 

The districts embracing what are known as the Humboldt mines are. 
located upon two parallel ranges, formed almost wholly of folded strata of the 
Triassic age. The veins either occupy planes of stratification or arrange 
themselves along prominent jointing planes, induced by the disturbances of 
upheaval and metamorphism. . 

The districts of Reese River occur, first, in a large mass of granite, 
accompanying a mountain fold; and, secondly, are found lying in the meta- 
morphic rocks of the Carboniferous in positions similar to those of Hum- 
boldt. The celebrated White Pine district, whose mineral deposits are 
inclosed conformably between strata of Devonian limestone, is a prominent 
example of the groups comprised wholly within the ancient rocks. 

The discovery of the geological horizon of these limestones by Professor 
Meek is of interest, since it proves them to be among the oldest known silver- 
bearing rocks in either of the Americas. The mode of occurrence and dis- 
tribution of the mining districts of Colorado are somewhat unique, and will 
be so fully treated of in the succeeding chapters by Mr. J. D. Hague, that the 
writer prefers to make no comments upon them here. In general they be- 
long to the ancient type. 

The second type belongs to the second or Tertiary orographical period, 
and finds its origin in the disturbances of the volcanic ejection. While the 
Ares of the lava period were still burning, and where the deeply riven rocks 
of the earliest volcanic outflows were repeatedly broken through by subsequent 
eruptions, and where torrents of water poured down the hill slopes and every- 
where penetrated the fissured rocks and came in contact with intensely heated 
material, there were present all the elements of vein formation. ‘That these 
conditions actually existed is a matter of every-day geological proof. The 
lodes of this type are either wholly, or in part, inclosed in voleanic rocks. 
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Many important veins of Mexico, several of those which border upon the 
Colorado River within the United States, and, in general, that zone which lies 
along the eastern base of the Sierra Nevada, are members of this family, as 
is clearly proven by the fact that they are either wholly, or in’ part, cased by 
voleanic rocks. The most prominent example of this type, within the limits 
of this exploration, is the Washoe district, whose remarkable Comstock lode, 
although in one place indistinctly touching the ancient formations, yet, as will 
hereafter be seen, is chiefly inclosed by a modern volcanic rock, and evidently 
owes its origin to the later disturbances. The Owyhee district, in Central 
Idaho, occurs upon the crest of a granite mountain chain, which has been 
intersected by a series of volcanic dikes, ranging from the earliest propylite to 
the most recent basalt. From the peculiar association of the mineral veins 
with these dikes, and the manner in which they intersect each other, it is 
obvious that the quartz lodes belong to the Tertiary period. — 

From these few but important general facts, it will be seen that by far 
the greater number of metalliferous lodes occur either in the stratified meta- 
morphic rocks or in those ancient eruptive rocks, which date from the period 
of Jurassic upheaval; yet very important, and, perhaps, more wonderfully pro- 
ductive, have been those silver lodes which lie wholly in the recent volcanic 
formations. It is evident from a careful study of the ranges that much of the 
dislocation and general mountain disturbance was occasioned by the Tertiary 
upheavals. How far the veins which lie wholly in the older rocks belong to 
this second disturbance it is impossible to say. In some instances it is evi- 
dent that the veins themselves have been twisted and disturbed together with 
the strata; in others it seems most probable that the whole fissure and solfatara 
were induced by the latest movement. In the present state of knowledge, it 
is impossible accurately to classify and catalogue the age of the fissures them- 
selves. In almost all cases in which mineral districts are described in this 
volume, the age of the inclosing rocks is clearly laid before the reader, but 
data are frequently wanting as to the age of the formation of the fissure. In 
a majority of cases the evidence tends to the belief that the veins belong to the 
Jurassic period; and yet it should be borne in mind that wherever the more 
recent strata have been formed from the detrital materials of the older, we look 
in vain for the ore-bearing pebbles. The writer is not aware that even in the 
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broad Tertiaries which fringe the west base of the Sierra Nevada, any auriferous 
pebbles have been found; yet, at the same time, the Jurassic origin of these 
veins is proven from other data, as will be seen from the reports of Professor 
Whitney. The fact, then, of the absence of the ore-bearing pebbles from 
the later strata is only negative evidence, and cannot weigh greatly against 
the probable Jurassic age of very many mineral deposits. So far as we now 
know, no metallic veins occur in the sedimentary formations of the Tertiary 
period, east of the Wahsatch Mountains; whereas the remarkable meta- 
morphism which has occurred during that period in the Coast Ranges, near 
San Francisco Bay, has developed extraordinary deposits of quicksilver and 
chromic iron. . 

The metallic minerals have, then, in obedience to the prevailing rule of 
longitudinal structure, arranged themselves in parallel zones, which extend 
from north to south over great areas. In the history of the Cordillera, two 
prominent epochs of mountain building have taken place, each accompanied 
by the ejection of igneous rock with metamorphism and solfataras, and, lastly, 
with the formation of great numbers of metal-bearing lodes. ‘The lodes belong- 
ing to the Jurassic age occur chiefly inclosed between strata ranging from that 
date down into the Devonian, along the planes of deposition or the jointing 
planes developed by metamorphism and pressure, or, lastly, in the igneous 
rocks of the granitic family which accompanied the Jurassic disturbance. 

The veins of the second type, which belong to the Tertiary period, are 
found inclosed either in part or in whole within the volcanic rocks. Their 
position in that family is among the earlier members, never, so far as is now 
known, either penetrating the trachyte or basalt. While the greater number 
of veins probably belong to the first type, some of the most brillant examples 
of metal lodes have occurred as members of the second type. 

It is a noteworthy fact that of the series of conformable strata forming 
the main central mountain masses, not less than six, and perhaps as much as 
ten thousand feet are the true coal measures of the Carboniferous. This Ex- 
ploration has demonstrated their continuity over a wide area. They were, 
however, deposited in the quiet depths of an ocean, and, consequently, have 
no traces of the beds of coal which characterize them whenever laid down 
near the water level. ‘The fossils they contain are chiefly marine mollusks, 
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although, in one instance, a relic of land vegetation is imbedded with them. 
We look in vain for any evidences of shallow areas; the whole Carboniferous 
zone is of fine homogeneous materials, deposited with rare regularity, and 
without a single evidence of cross-currents, or any appearance of wave-marks. 

The two bordering systems contain, however, near the upper limits of the 
Cretaceous and upward into the Tertiary, important beds of coal. The exact 
age of this coal has been long discussed, authorities differmg. It seems prob- 
able, from the discoveries of this Exploration, that both parties are grounded 
in fact. 

Of the Cretaceous origin of the California beds, Professor J. D. Whitney 
is certain, and the writer has, as will be seen in a later chapter, shown the 
same age for those beds which are included in the sandstones along the east 
base of the Wahsatch Chain. Continuing eastward, the strata, still remaining 
conformable, undergo a change of character. The marine fossils disappear, to 
be replaced, first, by brackish-water types of doubtful affinities, and finally by 
clearly recognized fresh-water Tertiary forms, the coal beds continuing -at 
intervals through this transition period. Dr. Hayden is unquestionably right 
in assigning a Tertiary age to many of the beds east of Green River; so that, 
as is often the case, the contestants for both views are correct in their 
data. 
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CHAPTER II. 
THE COMSTOCK LODE. 


SECTION 1.—GEOLOGY OF THE WASHOE MINING DISTRIOT—VIRGINIA RANGE— 
GENERAL GEOLOGY—GRANITE AND METAMORPHICS—SYENITE—PROPYLITE— 
ANDESITE—TRACHYTE—BASALT. 

SECTION I1.—STRUCTURE OF THE COMSTOCK LODE IN DETAIL—GOLD HILL GROUP— 
VIRGINIA GROUP—OPHIR GROUP. 

Section I11.—GENERAL STRUCTURE AND MODE OF OCCURRENCE OF THE COMSTOCK 
LODE—FISSURES—H oRSsES— CLAYS— QUARTZ— MINERALS— BONANZAS—TEM- 
PERATURES—CHEMISTRY—PARAGENESIS—CONTINUANCE IN DEPTH—RESUME. 


SECTION I. 
GEOLOGY OF THE WASHOE MINING DISTRICT. 


VireiiA Rance—Among the most continuous and well defined of 
those chains which diverge from the northwest trend of the Sierra Nevada to 
a nearly meridional course is the Virginia Range. 

Leaving the Sierra where its eastern slope descends boldly to the plains 
of the Great Basin, in latitude 38° 8’, it stretches due north for a hundred 
and fifty miles, terminating in terraced hills which sink under the quarternary 
desert-beds of Mud Lake Valley. Its average breadth is about eighteen miles, 
though no accurate mean width can be arrived at because of very unusual 
variety of form.. Three considerable rivers, from the snow drainage of the 
Sierra, cut transversely through it, making caflon passes which sink three or 
four thousand feet below the general summit line. These are the Walker, 
Carson and Truckee. Groups of comparatively low hills spread out from 
either flank, those on the west not unfrequently connecting with the Sierra. 

The drainage which flows down its west side is gathered in a series of 
ponds and small streams, finding its way at last into one of the three rivers, 
and finally flowing through their cations to the sinking lakes on the east side. 
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Rising from a base of 4,500 feet above sea-level, its line of summit peaks 
reaches an average of 7,500 and a culmination here and there of nearly 9,000. 

Although, generally, rising near the middle of the range, these summits, 
from geological accidents, deviate to one or the other side, and overhang the 
valley plains in lofty precipitous peaks. The range may be considered as 
based on an inclined plain, for there is a gradual slope from the foot-hills of 
the Sierra to the bottom of the depressed basin, lying east of the mountains. 
The valleys to the west are never continuous for any great distance, but are 
divided by spurs of the Sierra which invade them from the one side, and by 
low volcanic groups which push out from the other. Receiving the drainage 
of both mountains a considerable fertility is developed ; not enough, it is true, 
to banish the monotone of olive-gray desert vegetation, but sufficient to 
produce fine grass fields and valuable grain farms. Eastward, the Virginia 
Range overhangs the most depressed and dreary part of Nevada. From its 
summit may be seen the sinks and alkaline lakes, the vast stretches of blank, 
naked desert, varied by beds of dazzling saline efflorescence whence, in 
the blazing heat, columns of parched air whirl upward, laden with acrid dust 
and drifting sand, It is almost impossible to conceive a scene of more stern, 
desolate grandeur than may be viewed from the Virginia crest. The Sierra 
Nevada rises high against the west, its summit snow-capped, and its flank 
shaded by a forest of dark-green pines which grow thinner in descending 
toward the plain, and at the foot-hills perish of drought. In the east, beyond 
the chain of sinking lakes, rise rank beyond rank of parallel ranges, strange in 
form and unusually strong and bright in color. Threads of green skirt the 
water-courses, but the general tone is red-brown of rocky mountain-slopes and 
olive-gray of desert vegetation, startlingly relieved by caps of snow and fields 
of snow-like alkali. 

GENERAL GxEoLoGy.—A very general sketch of the larger relations of all 
Great Basin ranges to the Cordillera System has been given in a previous 
chapter. It is only necessary for the comprehension of Washoe geology to 
indicate the outlines of closely contiguous hills. 

Both the Sierra and Desert ranges are composed, first, of crumpled and 
uplifted strata, from the late Jurassic down to the Azoic period; secondly, of 
ancient eruptive rocks, which accompany the Jurassic upheaval; and, thirdly, 
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of modern eruptive rocks, belonging to the voicanic family, and ranging in 
date, probably, from as early as the late Miocene up to the Glacial period. Folds 
of more or less complexity, twisted and warped by longitudinal forces, often 
compressed into a series of zigzags, sometimes masked by outbursts of granite, 
syenitic granite or syenite, and, lastly, built upon by or frequently buried be- 
neath immense accumulations of volcanic material: these are the characteristic 
features of mountain chains. They are usually meridional and parallel, and 
separated by valleys which are filled toa general level by Quarternary detritus, 
. the result of erosion from the early Cretaceous period down to the present time. 
The east slope of the Sierras, directly facing the Washoe region, is, in brief; a 
. relic of metamorphic schists and slates, skirting the foot-hills and resting at 
high east and west angles against the great granite body which, for many miles 
to the southward, forms not only the summit but the main mass of the range. 
_ Rising through the granite, and forming an eastern summit, is a lofty mass of 
| sanidin-trachyte, of a dull chocolate color, and only remarkable for the beau- 
tifully regular prisms of black mica which intersect it. The ridge known 
as the Washoe Mountains is of this trachyte; its culminating height, Washoe 
| Peak, lies directly west and across the valley from Mount Davidson, the center 
; and summit of the Virginia mining region. 
| Little can be learned of the ancient structure of the Virginia Range, for 
eight-tenths of its mass are made up of volcanic rocks. Only at rare intervals, 
where deep erosion lays bare the original range, or where its hard summits 
have been lifted above the volcanic flows, is there any clue to the materials or 
position of the ancient chain. Mount Davidson is one of these relics, being 
composed of syenite. Inclined against the base of this mass, and in the bot- 
toms of ravines, eroded in the volcanic material, occur considerable hills ot 
metamorphic rocks, schists, limestones, graphitic shales, and slates. South- 
ward, in the cation of the Carson, and in the ravines of the Pine Nut hills, are 
uplifted slates and carbonaceous shales associated with irregular limestone beds, 
the whole surrounded and limited by volcanic (andesitic) rocks. Still further 
southward, the crest ridge of the Pine Nut region, which is a continuation of 
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the Virginia Range, is syenitic granite, forming high rugged crags, of an 
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extremely picturesque aspect. Every analogy would point to the belief that 
these relics of aqueous rocks, and the granitic masses accompanying them, are 
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identical with the similar rocks which predominate in the majority of Cordil- 
lera ranges; but we have positive proof of this in the fact that in Eldorado 
caiion, one of the ravines of the Pine Nut hills, Professor Whitney has found 
Triassic fossils. 

With few exceptions, then, the range is built up by successive outpour- 
ings of volcanic rocks, whose mode of occurrence, although simple and evident 
in general plan, is very complicated in detail. 

In résumé, it may be said that this range is one of the old Jurassic folds 
of stratified rocks, through whose fissures granite and syenite have obtruded; 
that after a very long period of comparative repose, from the early Cretaceous 
to the late Tertiary, the old range was riven in innumerable crevices and deluged 
by floods of volcanic rocks, which have buried nearly all its older mass, and 
entirely changed its topography. During this period of vulcanism the present 
valleys were in great part filled with fresh water lakes; and near the base of 
the Virginia Range we have evidence, in the tufa deposits, that a considerable 
quantity of volcanic material was both ejected under water and flowed down 
into it. Water penetrating the fissured range and meeting melted rock gave 
rise to the solfataras and hot springs, whose traces are everywhere apparent. 
Following this age of lava and steam eruptions came the Glacial epoch, with 
its sequel of torrents and floods, and finally a great desiccating period, intro- 
ducing our present condition. 

Atlas-Plate IL is a geological and topographical map of the region 
immediately about the Comstock lode, on a horizontal scale of three mches 
to one mile, and constructed with grade curves of fifty feet vertical interval. 
The distance embraced from north to south is a trifle less than six miles, and 
from east to west a little more than four miles. This ground was chosen 
with the purpose of illustrating the geological mode of occurrence of the Com- 
stock lode. It is, therefore, almost wholly in the eastern slope of the range, 
extending longitudinaily a sufficient distance to embrace the silver lode and 
such developments of rocks as affect it, with a breadth from east to west 
which includes the summit peaks, and reaches in one place to the eastern base 
of the range. It would have been interesting to print, also, a full map of the 
range, but a wider area would have introduced no facts which are not sufh- 
ciently well shown in the limits of Atlas-PlateII. The topographical survey 
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was made and the map drawn by Mr. James T. Gardner, first topographical 
assistant. 

Before proceeding to the study of the detailed geology of the district a 
word of reference is due to those who have preceded this Exploration in 
investigating the Comstock lode and its surroundings. 

Ferdinand Baron Richthofen has published a pamphlet entitled “The 
Comstock Lode: Its Character, and the Probable Mode of its Continuance 
in Depth. San Francisco, November 22, 1865.” 

This paper, by far the most important contribution to our knowledge of 
the region, presents a brief sketch of the local geology and a quite detailed 
account of the underground developments at that time. In describing it to- 
day with all the light of four years additional work, the writer is unable to 
confirm some of Richthofen’s views, or rather predictions, as to the mode of 
the continuance of the vein in depth, but this should in nowise detract from 
the value of his instructive paper. A comparison of the. two investigations 
will show exactly how far the present study accords with Richthofen and how 
gravely it is opposed in some points. 

Mr. J. Ross Browne and Mr. R. W. Raymond, United States mining 
commissioners, and Mr. R. H. Stretch, State mineralogist of Nevada, have 
also given to the public their observations in official reports, but since they 
are chiefly confined to a study of the economy and engineering of mines, 
they will be more fully mentioned in the mining engineering report of Mr. 
J. D. Hague, which immediately follows this chapter. 

The area represented upon Atlas-Plate II, lies wholly upon the eastern 
slope of the Virginia Range. In the northwest corner is seen a flat, plateau-like 
summit, from which, with a general direction toward the southeast, descends 
a system of deeply eroded ravines. These gather themselves finally into two 
main streams, Gold Caiion and Six-Mile Catton. The upper portion of the 
range sends out to the southeast lofty spurs which descend, with extremely 
abrupt slopes, to the levels of Virginia City, Gold Hill, and American Flat. 
Mount Davidson, the culminating point of this region, projects a spur which, 
continuing southeast to the Carson Plain, divides the drainage of the district; 
all the water from its north side flowing into Six-Mile Cafon, that from the 
south into Gold Cation. Skirting the base of the first great step of the 
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mountain descent is a comparatively level region, and at the junction of this 
steep summit slope with the plateau is the Comstock lode. 

About four miles to the east, and, in general, parallel to the summit, rises 
a lofty ridge, whose most prominent points have been called Mount Kate, Mount 
Rose, and Mount Emma. 

The surface of the district is rendered extremely rough by a labyrinth 
of cations, which are deeply cut in all directions. An idea of their depth 
may be gained by a brief study of the contour lines of the map. For 
instance, the vertical distance from the central street of Virginia to the sum- 
mit of Mount Davidson is about 1,700 feet, and from the bottom of Six-Mile 
Cation, opposite the Sugar Loaf, to the summit of Mount Emma, is 1,300 feet. 
The Gold Cafion, just above Silver City, 700 feet. The slope of Cedar Hill, 
from its summit to the Geiger grade, which may be seen following an approxi- 
mate grade curve, is 1,100 feet. Nearly all the lesser ravines will average 300 
feet in depth. 

The following list of altitudes of several important points in the district 
conveys a general idea of the average elevations, expressed in feet: 


Mount Davadsom 2.2) oie ou) tee bl lcaientay ae epee eee ee ee 7,827 
Waroinia eOity, (OC SUree bes ee hac nest © cimeiie siege eee totk Benegal eter 6,192 
Sumamart Cedar Tes ROME ee SET e na! Area ken tees CaS e et Ree er ey er eee eee 7,235 
iPass iat head of (Gold: Cation}! ei eS eee 2. Sn ees eee 7,527 
Gold $Hill Divides © a< icc) sis oe Sa meee on ee eee ee ee eee Bee 6,366 
Quarry Hell Vanoimiai@iiyessees eee er eae acre pa egobSerddeeSs5Sa90C3ne% 6,462 
Cone east of ‘Gold ailll, .2.30223 Ste. es be eae ce ee ee eee eee ere eer 6,240 
Pass ol Amencansilan rade: ee .eeee eee eee a eee eG ie cere cerca 6. etare 9,886 
Sugar Wout f- uh Se eee a eee ae eae eee MPs oS abo BS oho Sook tes ao S3ne 6,164 
Mount Kate oe te ON. 2S te ee ee Sen bene ete ice Jasaeadasaboodcesaau? 6,187 
Mount (Rose ecpien sah ce ete Ne oe A ee ee a ee ee eee ae ey: 6,448 
Mount Hmm ater ee oe teers yak eee ate a eee ey ae one ne fee he 6,546 
Signal Peak on ridse north of Susan Woat--.c--e0 2 e e eee ee 6,621 
Devils Gate... -)\\ 6 Cech ee Ce eee Eee rE he eee eer (Se coos See a eer eaS 3 Sa 5,105 
Carson Plain 3. oe wf. sts oe ee See ene ee ete oe ere toa ee ee 4,700 
WiashoePlaim © 522124 205. S22 a a ge Soe eee ae Cre ee 5,106 


Looking from Virginia, the ridge, culminating in Mount Emma, nearly 
closes the eastern view, except where the deep cut of Six-Mile Caiion opens 
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a gateway to the Carson Desert. The whole configuration of the surface is 
one massive pile of hills, steeply sloping into deep, narrow ravines. 

As the description proceeds, it will be seen that the topography owes its 
characteristic forms and its rapid changes of slope to the great variety of 
rocky material. Indeed, there is scarcely a more interesting example, within 
the limits of the exploration, of the complete subordination of surface form 
to geological structure. 

At the western edge of the map, and a little to the north of its center, is 
a mass of syenite, bounded upon all sides by a more recent volcanic rock, to 
which Baron Richthofen has given the name of propylite. 

Propylite occupies the broad zone from north to south through the cen- 
ter of the map, broken by chains of outcrops of andesite, which have burst 
through it on lines approximately parallel to the summit of the range. In 
the southwest corner is a complicated association of metamorphic rocks, 
overflowed first by quartz-propylite and, more recently, by outbursts of 
basalt. At the deepest part of American Cafon, and at the lowest exposure 
of metamorphic rocks, is a small outcrop of granite, the only occurrence of 
this rock nearer than the summit of the Pine Nut group. Along the east 
side of the map, and covering nearly a quarter of its area, is an immense over- 
flow of sanidin-trachyte. It is of this material that the high summits of 
Mount Kate, Mount Rose, and Mount Emma, and the prominent cone of the 
Sugar Loaf, are formed. Arranging these rocks according to their relative 
ages, we have, first and earliest, the metamorphic rocks, uralitic and mica 
schists and limestone, with an unimportant accompaniment of granite; next 
the syenite, which, with the first mentioned series, is all we have left of the 
original Jurassic range. Superimposed upon this slope, outpoured, first, the 
trachytic greenstone known as propylite, which, over all the upper portions, 
was a sub-erial ejection, but, as it approached the lowlands, was finally 
poured out beneath the level of the great fresh-water lake which formerly 
skirted the range. The evidence of this is to be found in the tufaceous form 
of the propylite, which shows all the phenomena of aqueous arrangement 
and stratification. Leaves of Tertiary plants are found in the tufa at the 
height of about 700 feet above the present bed of the Carson River. The 
propylite formation is of considerable orographical importance, for over a 
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large portion of the Virginia Range it occupies a wider area than any other 


rock. It is noteworthy, also, as forming one of the walls of the Comstock — 


lode along its most productive portion. 

Following the propylite, but after a lapse of time which permitted a con- 
siderable erosion, three parallel fissures were broken through the propylite 
and large volumes of andesite were thrown out. Still later, and near the close 
of the Tertiary period, a violent eruption of sanidin-trachyte took place, piling 
up important mountain ridges and burying beneath repeated overflows perhaps 
one-fifth of the range. Following rapidly upon the trachyte period came out- 
bursts of rhyolite. Lastly, closmg the eruptive series, and filling out the 
entire catalogue of the volcanic family, came floods of basalt, which seemed 
closely to conformto the fissure lines of the rhyolite and trachyte periods. They 
are indicated upon the map in the southwest corner. 

Here, then, within these narrow limits, are the evidences of a long, com- 
plicated geological history. It is rare to find, within such a small area, all the 
representatives of the volcanic family, and with them the relics of one of the 
ancient ranges. } 

The three sections of Plate I are constructed on a horizontal scale of 
3,520 feet to one inch, one-half the scale of Atlas-PlateII,and a vertical scale 
of 2,000 feet to one inch. 

Section 1 is through the summit of Mount Davidson and the Sugar Loaf 

Section 2 cuts through Gold Hill and crosses the trachyte ridge half-way 
between Mount Rose and Mount Emma. 

Section 3 is on the southern line of the map. All are on due east and 
west planes. 

The reader, by comparing these with the position of the rocks on Atlas- 
Plate II, will easily perceive the general geological relations of the district. 

To examine this history m sequence, to present the evidences of its cor- 
rectness, and a somewhat detailed description of the mode of occurrence of 
the several formations, is the purpose of the present section. They will 
be examined in the following order: The crystalline schists, the uralitic- 
metamorphic rocks, and the limestones, calling these three the metamorphic 
series; next, the granite and the syenite, which constitute the older eruptive 
series ; and lastly, the volcanic series. 
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The district, then, is an accumulation of volcanic rocks built upon the 
eastern slope of an earlier range. We have the evidence of an original chain 
in the syenites and metamorphic rocks, and we have, clearly superposed in 
their normal sequence, the propylite, andesite, trachyte, and basalt flows ; and, 
finally, are observable the results of intense aqueous erosion, which has scored 
the mountain slopes into sharp, deep ravines. It is an epitome of the whole 
Great Basin, and it is doubtful whether anywhere else over the entire Cordillera 
system can be found, in the same narrow limits, a representation of every 
important geological event. The points in this geology which affect the Com- 
stock silver lode are, first, the mass of ancient rocks which slope steeply to 
the east; secondly, the propylites which overflowed these rocks to a given 
height; and thirdly, the andesites, which, in the form of an obscure, thin dike, 
have burst out on the contact plane of syenite and propylite; fourthly, the 
immense solfataric activity to which the vein unquestionably owes its origin, 
and whose influence is recorded in the decomposed propylites lying east of 
the vein. The andesites overlying them are untouched. The general thermal 
activity was confined to the interval between the out-flow of propylite and 
that of the later andesite. To this period is assigned the Comstock lode. 
The thermal action which began at the dawn of the volcanic period, we 
behold at present in its last stages. It is probable that long after the great 
solfatara had ceased altogether, the Comstock remained the theatre of great 
activity, and that only in most recent times has intense chemical and dynamical 
action abated. 

Granite AND Meramorpuics.—The granite which occurs in American 
Cation is composed of opaque dull-gray orthoclase, combined with an 
unusual proportion of translucent quartz, and containing a small and vari- 
able percentage of green mica in half decomposed hexagonal plates. The 
feldspar closely resembles that which occurs in the general mass of syenite, 
and is entirely distinct from the adularia variety which is characteristic of 
the majority of Jurassic granites in Western America. Resting upon this, 
and upon the syenite, lies the series of metamorphic rocks which were 
briefly alluded to in the general description of the range. Leaving out of 
consideration the carbonaceous shales and slates of Eldorado Caton, where 
Professor Whitney found the Triassic fossils, the metamorphic rocks belong 
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to two distinct groups; a series of thin, imperfectly developed, highly altered 
limestones and another group of crystallme schists. Richthofen attempts 
a subdivision of these schists, and makes a classification which does not seem 
to hold good upon a more extended study. It is preferable here to consider 
them as one series whose variety is due rather to metamorphism than to 
original difference. Lowest of these, and lying in direct contact with the 
eranite and syenite, is a series of beds of mica schists, striking in general a 
little west of north, and dipping at a high angle to the east. The lowermost 
strata are of a coarse nodular schist, containing dense nuclei of hornblende, a 
considerable proportion of quartz-granules, magnetic iron, and enough mag- 
nesian mica to impart the fissile structure. In ascending the series the mica 
schists are found to grow finer and finer, the nodules gradually diminishing 
from the size of a bean until they entirely disappear, the rock at last becom- 
ing a fine mica slate. The ridges to the south of American Cation are com- 
posed of these fine-grained schists, and the traces of bedding, and even of fis- 
sile structure, are gradually obliterated, resulting finally in a compact black 
crystalline rock which, in hand specimens, would unquestionably be classed as 
basalt. A suite of specimens in the possession of the Exploration completely 
shows this transition from the nodular schist, up to the compact crystalline 
rock, which has no trace of aqueous origin. 

The limestones cannot be assigned definitely, either as regards super- 
position or relations to the syenitic core. They are very limited, being acci- 
dentally excavated from the propylites by erosion. Above the American Flat 
road, about a mile from Gold Hill, are the only outcrops of the formation. It 
appears here as a highly crystalline marble, having an almost granitic appear- 
ance, and impregnated throughout its whole mass with small crystals of iron 
pyrites. 

The third series of metamorphic products are found dispersed through- 
out the district: first, as an intermediate zone between the mica schists 
and hornblende; secondly, in limited outcrops in Crown Point Ravine; 
thirdly, in obscure masses within the Gold Hill workings of the Com- 
stock ; and, fourthly, on the slopes of Cedar Hill. At the latter locality 
they are mere outcrops, emerging from the general mass of propylite ; 
they are of a light greenish-gray tint, and of a prevailing felsitic char- 
acter. The fine-grained, compact mass is everywhere studded with pyrites, 
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and not unfrequently tinted with the chrome-green of decomposed hornblende. 
Occasional augitic forms, transmuted into hornblende, give it a uralitic char- 
acter. 

From a great accumulation of evidence, gotten in other parts of the Great 
Basin, it is believed that these metamorphic series are above the Carbonifer- 
ous, and that the limestone is -one of the upper members of the great Triassic 
series, which is developed on such a grand scale to the eastward. The green 
felsite of Crown Point Ravine probably underlies the limestone, and is the 
continuation of the same bed which overlies the granite in American Cafon. 
All the metamorphic rocks are traversed by a net-work of minute veins hardly 
thicker than a sheet of paper. 

Syrnires.—The syenites occupy the summit for the space of about two 
miles square, just above the city of Virginia. Here is a large, bold outburst 
of the formation, rising from the level of the town and extending back to the 
west slope of the range. The summit of Mount Davidson is about the center 
of the body. It is bounded upon the north by propylite, which forms the 
northern slope of Ophir Ravine. The Crown Point Ravine marks its south- 
western limit. Thin, dike-like ridges project still further to the south, finally 
losing themselves under the propylite. It is really an insular mass, one of 
the ancient original summits, which is completely surrounded by the subse- 
quent propylite. In one of the ravines which cut the basalt divide, separating 
American Flat from Spring Valley, is a small, obscure outcrop of syenite. 
This, from its remoteness and extremely limited size, merits no attention. 
The Davidson mass is in plan a rough parallelogram, rising in the center to 
an elevation of 7,827 feet. It is cut from west to east by two sharply eroded 
ravines, transversely to its summit line. The overflow of propylite has failed 
to cover two narrow dikes which still outcrop on the slope of Cedar Hill. 


_ These spiny ridges, together with the Spring Valley outcrop, indicate a very 


wide extent of syenite buried beneath the later eruptive rocks. In general the 
slopes of the syenite are smooth, although they occasionally weather in sharp, 
fantastic pinnacles. A prominent example of this castellated structure may 
be seen at the head of Gold Ravine, where, rising from the general slope of 
Mount Davidson, are several groups of needles ranging from 30 to 150 feet 
in height. 
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The mass is of a prevailing cold-gray color. Mount Butler shows upon its 
eastern front clouded stains of red, which are probably the traces of solfataric 
action. There are discernible through the general gray mass occasional len- 
ticular portions of almost jetty black, but they are unimportant features. An 
attempt to develop parallel planes is observable on the slopes of Mount 
Dayidson, and a general conoidal structure, suggesting its alliance with the 
granitic family, characterizes the structure of Mount Butler. Weathering has 
developed prominent lines, which traverse the parallel north and south 
plains, and seem to be a lithological rather than a structural feature. The 
syenite is exceedingly dense, of high specific gravity, and so tough as to 
break with great difficulty under the hammer. The shingle, or débris, 
which covers almost its whole surface, is formed in sharp, angular frag- 
ments, whose great hardness effectually prevents disintegration, so that 
there is little tendency to decompose, and, in consequence, almost no sye- 
nitic soil. The rock is composed of orthoclase, green hornblende, and 
titanic iron, having, as an occasional accompaniment, oligoclase and epi- 
dote. The average rock is a crystalline blending of orthoclase and fibrous, 
broken particles of green hornblende; the prevailing purplish-gray of the 
former toning the whole rock. The hornblende crystals are chiefly grouped 
about small nuclei of titanic iron. The approximate proportions are, ortho- 
clase, 75; hornblende, 24; titanic iron, 1. They were evidently of synchronous 
origin—the hornblende penetrating the feldspar in certain cases, and in others 
the reverse. Hach prism of the hornblende contains within it more or less 
crystalline particles of the feldspar, and, with the exception of certain porphy- 
ritic portions, the feldspar invariably contains some fibrous particles of horn- 
blende. At rare intervals, brilliant, flat crystals of black hornblende occur, 
cutting both the orthoclase’ and green hornblende. Oligoclase traverses the 
ordinary syenite in veins from the thickness of a line to a foot, usually segre- 
gated from the orthoclase rock by an accumulation of microscopic hornblende 
crystals. Oligoclase also occurs in lenticular bodies, scattered at intervals 
through the entire mass, within which the hornblende groups itself in radial 
forms, and in each case penetrates the oligoclase. We have, then, the follow- 
ing paragenetic succession of constituents: Titanic iron ; orthoclase and green 
hornblende; fibrous, radiating, olive-colored hornblende; oligoclase; and, 
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finally, the epidote, which last occurs but sparingly in fine green veins and 
in small crystals accompanying the acicular quartz vugs. The orthoclase 
rarely defines itself in completed forms, but is usually a crystalline mass, very 
fine-grained, and only in occasional fractures showing its characteristic strie. 

On the south slope of Cedar Hill rises an insular ridge. It is a large 
outcrop of porphyritic syenite, composed of a paste of mixed orthoclase and 
hornblende, in which are imbedded well-defined crystals of both; the ortho- 
clase occasionally appearing in twin forms. Near the Cole Tunnel, without 
any evidence of fissuring, and lifted above the average line of solfataric action, 
the syenite has a cellular, almost porous, structure, resembling the scoriaceoys 
products of modern volcanoes. Frequent vugs occur, lined with the acicular 
prisms of quartz and cubical crystals of iron pyrites. The feldspars show 
a considerable advance in earthy decomposition. ‘The orthoclase is honey- 
combed and its cavities refilled with yellow pyrites. On the south side 
of Ophir Ravine there are portions of the syenite which become micro- 
crystalline, a mere paste, of a dull greenish-gray color, resembling dolerite ; 
without the aid of the glass no crystalline particles can be detected. The 
fracture, instead of the ordinary sharp, transverse break, becomes conchoidal, - 
and the ordinary weathering develops spherical forms. Here, too, the 
interior of the rock is variegated with veins of iron pyrites, which, although 
not a constituent part of the stone, are a very important accompaniment. It 
is difficult to conceive how these minute veins and vugs of sulphide of iron 
have been introduced into the rock without any signs of fissures which could 
possibly be connected with the main solfataric opening. That they have some 
subtle connection is clearly proved by the similar threads of zeolites, miner- 
als entirely wanting in the composition of syenite, and occurring here with 
every evidence of aqueous origin. 

The syenite is one of the ancient summits of the Virginia Range, and 
its contour has evidently undergone but slight change in the later periods 
of erosion. This is proven, first, by the entire change of ravines when 
they emerge from the syenite and cut into propylite; secondly, by the con- 
tours of Mount Davidson which are developed in the underground work- 
ing of the mines, and indicate that the surface slopes continue to an indefinite 
depth beneath the propylite with almost no alterations. The west wall of the 
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Comstock lode is, in fact, this downward projection of the syenite slope, and 
its contours agree very closely with those traced upon the surface. It 
seems probable that in the Post-Tertiary erosion period this syenite nucleus 
of the district. was very little modified ; its already sculptured ravines would 
have received the modern drainage and poured it out upon the later eruptive 
rocks at the mouths of its own cafions; so that the fact of the present water- 
courses continuing alike across the syenite and propylite is no evidence that 
they were formed at the same time. A brief study of the contour lines of 
Mount Davidson and of the geological cross-sections of the Comstock lode 
will show that the slope angle has almost no change beneath the propylite, and 
the recess which takes place in the Savage and the Gould and Curry will be 
found to almost exactly coincide with the broad recurve which scoops the 
whole front of Mount Davidson; so, also, the spur which makes out from the 
southeast foot of the mountain is carried downward through the Chollar 
Potosi and is there a barrier to the deposition of ore. 

Syenite of a similar character, and bearing the same relation to the ancient 
series of metamorphic rocks, is found in different localities over the whole basin; 
its mode of occurrence is always the same. Wherever observed it always accom- 
panies the mountain fractures of the Jurassic period, and is clearly distinct 
from the syenitic granite, which is also a prominent feature of this period; it 
seems to form a connecting link, both in age and geological features, between 
the granitic family and the more modern volcanic group; always later than the 
granite and always earlier than the propylite, it is more closely connected with 
the former than the latter, both as regards its lithological habit and in the 
interior structure. 

It shows no tendency here or elsewhere in the Great Basin to pass into 
the syenitic granite. Ordinarily of a finer texture and more compact structure, 
it is clearly to be distinguished from that rock—the titanic iron of the one is 
never found in the other; nor does the quartz, which is a constant accompani- 
ment of the syenitic granite, ever appear in the more basic syenite, yet their 
outward resemblance is very great, and they are often mistaken one for the 
other. 

The transitions described between the two by Von Cotta are not observed 
here. Of its connection with the folded rocks, it can only be said, that it pene- 
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trates them in dikes. With the subsequent volcanic rocks its connection is 
even less intimate, for a very considerable period elapsed between the cooling 
of the one and the outpouring of the other. 

PropyLitE.—With the exception of the syenite summit, or Mount 
Davidson mass, the eutire Virginia range, in this region, was formerly covered 
by an outflow of propylite. Subsequent eruptions have buried and masked it 
toa considerable extent, but enough still remains to define satisfactorily both 
its relations to the other rocks and its peculiarities of occurrence. 

North and south of the syenite mass, propylite occupies the summit, and 
descends to the plain on either side. From about the elevation of Virginia 
City it stretches eastward in bold undulations until overflowed by the great 
north and south trachyte ridge. Its line of contact with the syenite marks 
the location of the Comstock lode. Along the entire front of the Davidson 
ridge, the great silver lode occupies the contact plane between these two 
rocks. ‘To the north, it continues its course inclosed entirely in the propy- 
lite. Southward in like manner from Gold Ravine, as far as we are able. 
to trace the vein, it is walled on both sides by the propylite. In Ophir 
and Crown Point Ravines the propylite is seen to be superimposed upon 
the older syenite and to penetrate it in well-defined dikes. In a southeast- 
erly direction this rock continues quite to the Carson plain, with the interrup- 
tion of occasional dikes of andesite, which cut it in north and south lines and 
overflow it in limited areas. : : 

The great trachyte to the east gives way again, along the eastern foot-hills, 
to propylite. A considerable variety of eruptive rocks have broken through 
and overwhelmed the propylite, and will-be separately treated of under their 
appropriate heads. In general, then, the whole eastern slope, in the region of 
Virginia, is a vast overflow of propylitic rocks, which has failed to cover the 
lofty summit of the Davidson syenites. To the north, it buries the whole of 
the earlier formations, and is in turn built upon by successive outflows of later 
rock. Its normal composition is oligoclase and green hornblende. Every 
variety of texture in the arrangement of constituents is observable. The pre- 
dominant rock is a paste of micro-crystalline oligoclase and green hornblende, 
in which appear well-defined crystals of the former, giving, together with 


the clusters of hornblende needles, a porphyritic structure. The oligoclase 
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defines itself, at times, very well. Its angles are generally quite imperfect, but 
in the less altered portions of the formation, especially near the summit of the 
range, the orthoclase is well crystallized. Here it possesses a purely vitreous 
luster, and is intersected by numerous cracks like the sanidines of the trachyte 
lavas. The ordinary variety of hornblende is a pale green crystallization, 
formed of clusters of fibers. Although apparently loosely put together, they 
are often strangely coherent, and give to the rock its unusual toughness. The 
prevailing dull green is given to the formation by the hornblende. As occa- 
sional, although unimportant, minerals occur black and dark-brown, bladed 
crystals of hornblende, showing on many of their lateral planes an evident 
striation. These are very brilliant in contrast with the dull earthy luster of 
the green hornblende. In general, oligoclase takes precedence in perfecting 
its crystalline form. ‘The specific gravity of the rock is 2.66. The general 
texture is rough, like that of the trachyte family. The rock is extremely 
coherent, so that, like the syenites, it breaks with very great difficulty. An 
unusual variety of texture, and even mineralogical constitution, is embraced 
within the family which Baron Richthofen has grouped under the name of 
propylite. In the ordinary nomenclature this Washoe variety would be 
classed as an oligoclase-hornblende-trachyte. It has an important connection 
with silver veins, as will be seen by the geographical distribution indicated by 
Richthofen. 

The prominent silver districts of the Carpathian, and some of those. of 
Mexico occur, either inclosed, or associated with it. In this country we have 
the Comstock Lode, several of the veins in the Aurora District, some of those 
in Silver Mountain, and the Moss Lode of Arizona. It is interesting to observe 
this wide range of association, although it seems improbable that the rock 
itself is a factor in the production of silver deposits. An analysis of the 
Washoe propylite shows no trace of silver. 

Its occurrence in the Virginia region is characterized by great varieties 
of surface form; varieties which depend partly upon differences of origin, and 
are largely due to the solfataric action which has so generally decomposed it 
and facilitated aqueous erosion. Back of Middle Hill, just north of Virginia, 
on an intermediate spur between it and the Ophir Hill, are bold castellated 
outcrops of hornblendic propylite, very dense, tough, and of ragged, roundish 
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fracture. On Middle Hill itself, rising through masses of silicious and feld- 
spathic metamorphic rocks, are high dikes of porphyritic propylite. On the 
hills west of the Geiger grade there are also, lifted above the general level, 
hard slabs from twenty to seventy feet high, which are evidently the crests 
of dikes, whose superior hardness has prevented their weathering with the 
surrounding rock. Half way up Crown Point Ravine are further instances of 
the turreted form. 

There is evidence that over the country included in the map there 
have been three successive outflows. From the series of fissures, which 
traversed the whole surface of the older range, appeared at first a form of por- 
phyritic rock, unvarying in composition, but having every variety of arrange- 
ment of the crystalline particles composing it. This is the normal propylite, 
from a typical specimen of which the analysis, given in the third section of 
this chapter, was made. Succeeding this was ejected a vast amount of pro- 
pylitiec breccia, which slopes in gently inclined beds toward the Carson Plains. 
Finally, traversing these two, were a great number of fissures, which were 
filled with a highly crystalline form of the rock. The earlier porphyritic 
form is that which rests against the slope of Davidson, and forms the east 
wall of the Comstock lode. The second, or breccia variety, is found chiefly 
to the north and south of the lode. A purple occurrence of this breccia 
caps the Geiger Summit, and, south of the lode, the hills adjoming Mount 
Butler are formed of a finely fractured mass. At several points, usually 
near the contact with the syenite, there is observable a fine lamination of 
compact, close-grained rock, which resembles very closely some of the meta- 
morphic (uralitic) rocks, and still more closely the metamorphic diorites of 
the California gold belt. 

Above the level of the Comstock the whole of the propylite is 
unaltered, with the unimportant exception of the hill next south of Mount 
Butler, but below that elevation, quite to the Carson Plain, the whole 
rock is decomposed to a greater or less degree. Innumerable fissures 
have traversed it in a north and south direction, and each appears to have 
been the theater of an intense hot-spring action. The results of this 
solfatarism are evident in the generally decomposed and earthy condition 
of the formation. The series of flats are wholly formed of this altered 
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rock, and it is rare at any point east of the Comstock Lode to find 
more than an accidental relic of unaltered propylite. The chief product 
of the thermal action is a soft, yellow, ochreous rock, which easily weathers, 
and develops near its surface parallel and concentric planes of decomposition. 
An exceedingly beautiful variety of agate-like banded propylites are found on 
the divide. The white steam-cracks thread the formation in all directions, 
and seem to be the centers of decomposition. Not all of the solfataras appear 
to have been oxydizers. At rare intervals, over the whole outcrop, may be 
found white, decomposed, chalky masses which may be easily cut with a 
knife; but in all these extreme products there is still discernible the crystals 
of feldspar which originally gave it its porphyritic form. Olive and gray and 
purple are colors which occur frequently, the earthy crystals of orthoclase 
being dispersed in white specks throughout the mass. The ochreous pro- 
duct appears to be chiefly a mixture of silica, clay, and sesquioxide of iron. 
The white portions are either entirely free from iron, or else contain it in the 
protoxydized form. West of the Comstock lode and near the Belcher Mine 
are two parallel lines of solfatarism, which in both cases have produced the 
white product, the upper one closely resembling certain of the white trachytic - 
tufas. It is difficult to distinguish between hand specimens of both. 

As the range descends toward the Carson Plain, especially in the region 
of the Daney Mine, the propylite is of subaqueous origin and consists chiefly 
of an earthy tufa deposit clearly stratified, and containing impressions of 
leaves and rolled masses of the original propylite. Covering this tufa deposit 
are beds of yellow clays, which are evidently washed down from the solfatara 
region. The area of the most intense hot-spring action begins about five hun- 
dred feet east of the Comstock, and continues for two miles still further to the 
east. 

In the southwest corner of the map appear irregular masses, colored as 
quartz-propylite. ‘These rocks overflow the propylite, the metamorphic rocks 
of American Cafion with their accompanying granite, and are in turn capped by 
basalt. Little can be learned of their origin except that they succeed the 
propylite, as is evidenced by their cutting it in dikes above the American Flat 
road. ‘They are of very great variety of texture and constitution, ranging all 
the way from a propylite, containing here and there an occasional grain of 
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quartz, up to a comparatively light trachytoid porphyry, thickly studded with 
granules of vitreous quartz. Upon the one side it seems to be clearly allied 
with the propylite, so that it may be classed without difficulty as a quartz-pro- 
pylite, but at the other extreme it becomes so acidic as to approximate closely 
to the rhyolites. Above American Flat the prevailing form is a compact, 
slightly porphyritic, green mass, having in general a felsitic appearance, con- 
taining a small proportion of quartz granules. -In the region of Silver City, 
where it surrounds the overflows of metamorphic rocks, as also at the Justice 
vein, it seems to have made considerable progress toward the rhyolitic form ; 
and still further to the southward, upon the flanks of basalt hills, its feldspar 
has become glassy, and is associated with a large percentage of free quartz. 
The resemblance to the rhyolites is heightened by a film of red silicate 
of iron, which surrounds the quartz and gives them the garnet tints. The 
quartz-propylites of the Silver City ridge are generally of a deep, brownish- 
purple color, becoming lighter to the southward, until, near their contact with 
the basalt, they have attained the light chocolate and pinkish tints of the 
rhyolite family. Mica, which was a prominent mineral north of the American 
Flat road, has almost entirely disappeared, and the paste has changed from a 
felsitic to a trachytic texture. The two outcrops are not connected, and it is 
still possible that the westernmost one is a true rhyolite, but from the gradual 
transition from the other extreme, it seems probable that they are only various 
forms of the same rock. As will be hereafter seen the balance of probabilities 
indicate that it is all propylite, for the solfataric fissures penetrate and alter 
it as they probably could not have done were it so recent a rock as rhyolite. 
West of the American Flat road the quartz-porphyries appear in bold dikes, 
or rather longitudinal masses, for their great. size entitles them to a more 
important term than dike. It is interesting to observe that the white solfataric 
product of the quartz-porphyry is identical with that of the feldspathic 
propylite, with the exception of the granules of quartz, which the chemical 
action has failed to touch. In the unaltered rock may be seen crystals of 
oligoclase, and accumulations of hornblende, exactly resembling the original 
propylite. Interrupting these a second quartz-porphyry, has flowed out which, 
although still closely resembling the propylite family, begins to tend toward 
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the rhyolites. A fissile, parallel structure further indicates the increase 
of trachytic tendency. 

AnDESITE.—The first appearance of a later rock than the propylite is 
found in the andesite dike lying along the contact plane of Mount Davidson. 
The earliest andesite probably inaugurated the solfataras. Near the close 
of their activity, or perhaps subsequently, there were formed three zones 
of fissures which traversed the earlier and volcanic formations alike. 
Through them there penetrated to the surface, and outpoured to a consid- 
erable extent thin table-like overflows of andesitic rock. The ‘first, or 
summit zone, consists of a group of conchoidal fissures, following approxi- 
mately the summit lme, and cutting through the syenites of Mount Davidson, 
as well as the propylites both north and south of it. On the heights above 
the Ophir grade considerable fields of andesites cover the summit, and pour 
downward over the propylite to the north of the road. 

Ascending Crown Point ravine two of these dikes are passed, with an 
intervening distance of a thousand feet of propylite. Their outcrops rise 
boldly from the surface on either flank of the ravine, and from the average 
appearance indicate a thickness of a hundred feet. Directly west of the 
summit of Mount Butler, and at a corresponding point on the Davidson ridge, 
the same system of andesite dikes are passed. They have overflowed here a 
wide area, and the débris covers the western slope to a distance of a 
thousand feet downward. Continuing northward, with a break from Middle 
Hill to the crest of Ophir Hill, upon the level plateau-like summit, has been 
ejected a considerable table. 

The second zone, parallel to the first, traverses the American Flat and the 
plateau in front of Virginia, its outcrops disappearing to the northward under 
the later outpourings of the sanidin-trachyte. Rather more continuous than 
the first zone, the outcrops are, however, less expanded, and a subsequent 
erosion, which has largely worn them away, reveals an extraordinary thinness of 
flow. Approaching Virginia from the south the first of these andesite fields is 
found upon a rounded knoll south of Gold Hill, where for an area of ten 
or fifteen acres the entire surface is of andesite. Thin streams have poured 
from a narrow fissure downward toward Gold Cation, partly covering what 
is known as the Graveyard spur. Continuing northward, the sharp conical 


THE COMSTOCK LODE. 31 


point due east from Gold Hill is also of andesite. It is wholly surrounded 
and limited by propylite, and leaves a doubt as to whether it is a normal part 
of the fissure system, or simply a relic of one of the overflowed fields which 
has been spared in the general erosion. Accumulations of clay propylite soil 
cover the surface for half a mile northward and mask all rock in situ. Near 
the railroad tunnel, directly to the north of the Dayton toll road, appears 
a third mass of andesite, of a long oval form, tapering to the northward in 
a thin spine-like ridge. Earthy deposits again cover the surface from this 
point until about opposite Taylor street, where, among the first occurrences of 
solid rock, the andesite again makes its appearance, this time in a mere thread 
which traverses the bottom of the Slaughter-House Cafion. 

Where the road to the Odd Fellows’ burying ground diverges from C 
street, the same dike reappears. This whole zone bends slightly in conformity 
to the foot of Mount Davidson, and seems to be a proof that the underlying 
syenites have in great measure determined the direction of subsequent fissures 
to the eastward. 

Zone number three, and by far the most important of all, lies concentric 
with this last, and about two miles to the eastward. An almost continu- 
ous overflow of andesite covers the country from near the Devil’s Gate, 
in Gold Caiion, across the Divide spur, continuing northward across Six-Mile 
Cation, covering a large part of the Silver Terrace Spur, and reappearing 
on the Catholic burying ground. The indication of a third, but much more 
limited group, is found in a train of small outcrops which lie directly along 
the edge of the trachyte, and without doubt underlie it. 

Under its proper head, in the volume on Systematic Geology, will be dis- 
cussed two important questions concerning the andesite formation. First, its 
origin and relation to other allied rocks; and second, its own chemical and — 
mineralogical constitution, concerning which authorities differ so widely and 
on the basis of so few data that the whole question is at present in a form 
unprofitable to discuss. In general terms, however, it may be said here that 
the balance of probability points to a close alliance between this rock and 
propylite, and it will not be at all surprising if it should finally prove to be 
chemically identical and, in reality, only a different form, bearing the same rela- 
tion to the typical propylite as the hyaline-pearlites and obsidians do to the 
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trachyte family. 1ts mode of geological occurrence enables the observer to 
detect it without fail on the ground. Its appearance, and especially the ten- 
dency to break in parallel planes, distinguish it from all other kindred rocks. 
The prevailing color is a dark greenish-gray, inclining to purple and black. 
The luster, although varying greatly in degree, is almost uniformly resinous. 
It is formed chiefly of a vitreous, compact, feldspathic paste, but is not unfre- 
quently distinctly porphyritic, and finally, by a series of gradual approxima- 
tions, shades in to the more crystalline propylite. Oligoclase, hornblende, 
occasional but rare occurrences of magnetic iron, are the chief constituents, 
but the peculiar texture and parallel fracture are given to it by a prevailing 
brilliant, glassy feldspar, which being transparent, does not alter the general 
color. The nature of this feldspar is somewhat obscure, although it is most 
probably the so-called andesine. 

In certain instances, as is the case in most of the Gold Hill andesite 
occurrences, the paste becomes exceedingly vitreous, approximating closely to 
obsidian. Comparing a large number of specimens, the conclusion is almost 
imevitable that its wide variety of texture is wholly due to the condition 
of the feldspar. It is proposed to call this peculiar feldspar andesine, 
without regard to its chemical origi. With some hesitation, the black dike 
which occurs in various parts of the Comstock lode is referred to this rock. 
Highly altered, and in some places reduced to a mere clay, there are 
some evidences, to be hereafter discussed, which induce the belief that it 
is andesite. If so, it belongs to a fourth zone intermediate between numbers 
one and two. . 

One very marked fact, and an important one in connection with the geology 
of the Comstock, is, that while all of the propylites east of the foot of Mount 
~ Davidson are in a highly altered condition, the andesites which directly over- 
lie them show not the slightest trace of solfataric action. From the mineral- 
ogical characteristics of andesite it would seem impossible that this could have 
been the case if solfataric action had continued after its outflow. Every fact 
corroborates the idea that the age of general solfatarism had closed before the 
later andesitic ejection ; and this is important as limiting the period of form- 


ation of the Comstock lode to a point anterior to the sanidin-trachytes in 


whose eruption Richthofen has found a cause of the Comstock solfatara. It is 
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further evident, from the position of the andesite cappings, that nearly all the 
surface erosion, which has determined the configuration of the whole district, 
was subsequent to the andesite period. It occupied then an interval of 
geological calm between the intense solfatarism and the turbulent conditions 
of trachyte eruptions and erosion forces which followed. Nowhere else in 
Nevada does this rock come into such close connection with a silver district. Its 
usual position in the volcanic group is normally continued here. Throughout 
all of our observations on the volcanic rocks of the Great Basin it is invariably 
subsequent to the propylites and anterior to the trachytes. With the single 
exception of its lithological constitution, this rock follows closely the geological 
habits of basalt, and until a comparatively recent period has been classed in 
that family. 

Tracuyte.—About on the level of Virginia City, and not far to the east 
of it, there outcrops a line of trachytes. The most northerly of these is on 
Graveyard spur, at what is known as the Quarry. Capping an abrupt hill isa 
comparatively thin sheet of sanidin-trachyte. Throughout this outcrop is a 
well-marked tendency to jointing planes which have a north and south direc- 
tion, and a dip of about 70° to the south of east. These planes are again 
jointed in rude hexagonal columns. The greater mass of the trachyte is 
formed of these inclined prisms, varying in size from a foot to four feet 
across. Unlike most volcanic columns, they are frequently curved, and in cer- 
tain cases broken and pushed to one side. ‘The rock weathers of a reddish- 
gray, with an exceedingly rough surface, upon which protrude prominent 
crystals of sanidin and hornblende. ‘The base of the rock is a fine, gray 
crystalline paste, chiefly formed of sanidin and black hornblende, throughout 
the mass of which crystals of both these minerals are dispersed, associated 
with spangles of black mica. Oligoclase is not unfrequently present. 

The second outcrop occupies a bench just above the Geiger grade, 
near the Sierra Nevada works. It is quite unlike the former in litho- 
logical characteristics, being of a heavy, dull grayish-brown base, contain- 
ing but few sanidin crystals, occasional, but rare, augites, but neither horn- 
blende nor mica. The mass is an unusually smooth, compact material, of a 


very dark color and basic appearance. ‘The outcrop is reddened and crumb- 
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ling, rendering it very difficult to get a specimen Like the Graveyard spur 
outcrop, it is wholly surrounded by propylite, and from its thinness seems 
to be rather the fragment of an old overflow than the outpouring of a local 
dike. 

About a half mile east of the Virginia divide is a third but exceedingly 
small locality of the trachyte. It consists of a mere accumulation of blocks, 
dispersed about the surface, and indicates probably the limit of the trachyte 
flow in that direction. It is a sanidin-mica-trachyte. The study of this 
third out-crop reveals no traces of subterranean connection; it is difficult to 
conceive of its having burst out through a local chimney, and it is probably a 
part of a sheeted overflow. 

T'wo miles to the east of this zone occurs the main ejection of trachytic 
rock. It occupies a broad zone from the Washoe foot-hills to Pyramid Lake, 
a distance of forty miles. Ina nearly meridional direction it is poured out 
along the heights of the range, and nearly all of the prominent eroded sum- 
mits and elevated table lands are formed of it. This formation enters the 
map at the northeast corner and occupies a broad belt quite across it. 

A series of bold hills continue from the Truckee River, almost without a 
depression, until they reach the pass north of the Gould and Curry mill. Here 
they descend steeply about 800 feet; ascending to the south of the pass to an 
almost equal height. The pass itself is wholly of propylite, except a narrow 
dike of trachyte less than 100 feet wide; through this small aperture the 
whole mass of the formation has come. Continuing southward, the area of the 
trachyte widens rapidly until it has overflowed the width of two miles. Across 
this has been eroded the Six-Mile Cafion, opening up the internal structure of 
the mass to a great depth. A prominent conical hill seen from Virginia City, 
and known as the Sugar Loaf, is of this formation, as are also the series of 
hills which continue thence southward to the Dayton road. Whenever it 
is eroded to any great depth there may be seen traces of an earlier flow 
of the oligoclase-hornblende variety of the trachyte. This is especially 
observable in the most northern part of the map, and again at the base of 
Mount Rose, where the oligoclase-hornblende trachyte occurs, having a fissile, 
slaty structure given to it by the parallel arrangement of both oligoclase and 
hornblende. It is of a steel-gray color, with dull brown parallel planes. There 
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is a considerable amount of sanidin in its composition, but far less than of 
oligoclase. Fragments of this earlier trachyte are found embedded in the 
breccia which immediately succeeded it. ‘These breccias form the majority 
of the whole outflow. They are of an extremely rough, open texture, fre- 
quently scoriaceous, like volcanic products, and of unlimited variety of texture 
and form. They contain angular blocks of both sanidin and _ oligoclase- 
trachytes, varying in size from a mere pebble to blocks twenty feet in diameter. 
These breccias may be seen in the neighborhood of the Gould and Curry 
mill, and they form the greater part of the abrupt eastern slope from the pass 
between Mount Rose and Mount Emma. They weather in large cavernous 
forms, and the heavy included rock-masses which are constantly liberated by 
the crumbling paste fall to the base of the eastern slope. 

Capping the breccias is a broad, thick overflow of normal sanidin-trachyte, 
varying in thickness from 100 to 1000 feet. It is of a dull pink color, 
weathering deep salmon and almost brick-red; it is composed chiefly of sani- 
din and brown magnesian mica. ‘The crystals of the former average about 
the size of a pea; they are not of the most vitreous form of the sanidin but 
rather unusually opaque, are fissured in every direction, and frequently the 
disjointed halves of the same crystal appear embedded in the paste, side by 
side. 

North of the Six-Mile Camion road, and below the Gould and Curry mill. 
there is a very fine exposure of the hornblende variety. It is a lilac-colored 
paste, surrounding well-defined needles of hornblende, crystals of oligoclase of 
minute size, and occasional bits of sanidin. This is the most compact and 
dense of all the family. The Sugar Loaf is composed of a similar base, in 
which, however, mica replaces the hornblende, its magnesian contents impart- 
ing an olive-brown hue to the whole rock. Accidental minerals in this ques- 
tionable variety are carbonate of lime, rare specimens of glassy quartz, and 
a zeolitic mineral, which appears to be natrolite. 

On the south slope of the Sugar Loaf were found several considerable 
masses of granite, rounded boulders of which were embedded in trachyte. 
This is a frequent occurrence in other parts of the Great Basin, although 
we never find them in either the propylite or basaltic family. 

Near the Gould and Curry mill is a quarry from which the foundations 
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of that establishment were obtained. It is of the sanidin variety, partly a 
heavy, dense rock, from which the foundations themselves were made, partly a 
pinkish breccia, very loose in texture, and partly of a grayish, shaly sandstone 
mass, which is unlike any of the trachyte forms observed in the Great Basin. 
This is a singular segregation of fine, sandy material which, shading into the 
other rock, has lost every trace of crystalline structure, and, even under the 
microscope, appears to be an aggregation of rounded particles, but, as it 
approaches the main trachyte, gradually becomes more and more crystalline, 
and passes imperceptibly into the ordinary variety without any apparent junc- 
tion line. Certain specimens cannot be separated from metamorphic sand- 
stones. ‘Toward the middle, the mass has an open, shaly structure, and con- 
stantly slacks under the influence of the atmosphere, like the shales of the 
Cretaceous period. 

Traversing the whole trachyte formation are a series of parallel north 
and south jointing planes, which, like all the others of the region, dip at a high 
angle to the east. 

The trachytes are easily distinguished from the other rocks of the country 
‘by their porous, lava-like texture and the loose porphyritic mode of occur- 
rence. ‘Their limits are always easily defined upon the propylite, which they 
have overflowed. It is evident that the greater part of the erosion has taken 
place since the trachyte period, for they share with all the earlier rocks the 
abrupt sulcated surface. 

Basatt.—In the southwest corner of the map there are five patches of 
black, which represent all that is left of a great sheet of basalt, which, at the 
close of the volcanic period, poured out over the metamorphic rocks and quartz- 
propylites. From their mode of occurrence and characteristic jointing, they 
may be easily distinguished from the black metamorphic rocks of the same 
region; the latter are traversed by innumerable thin seams of carbonate 
of lime; the former are impregnated with considerable quantities of olivine. 
Traces of parallel structure are discernible in the metamorphics, while the 
basalts are clearly parts of a single flow. 

This basaltic table is a feeble representation of a vast ejection which 
brought to a close the era of volcanic activity. 
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SEC PION FI. 
STRUCTURE OF THE COMSTOCK LODE IN DETAIL. 


The Comstock lode lies at the base of the Mount Davidson group and 
occupies, during the middle of its course, a line of contact between the syenite 
mass and the propylites which have overflowed it. North of Ophir ravine it 
is walled upon both sides by propylite; south of the Gold Hill Divide, at a 
point somewhere in the Exchequer claim, it also leaves the syenite and is 
carried southward chiefly in propylite, but touching indistinctly the older 
metamorphic rocks upon its west side. Its course is about north 25° east, or 
a little east of the magnetic meridian. In Seven-Mile Cation, near the base 
of Cedar Hill, is the most northern known portion of the lode. From that 
point it continues south in a nearly direct line, underneath Virginia City, 
across the divide, past Gold Hill to American Flat, where the wide-depressed 
area has produced conditions unfavorable to further development. Upon this 
entire length are located a series of mining claims occupying the lode for 
22,000 feet. 

In point of geological time, the system of fissures which constitutes the 
Comstock lode are subsequent to the propylite outflow, and belong, in all pro- 
bability, to the dynamical disturbance connected with the eruptions of ande- 
site. It is considered certain that the whole series of volcanic outbursts are 
since the Miocene epoch, and we may safely call the Comstock a Tertiary lode. 
(For evidence of the Post-Miocene age of the volcanic family the reader is 
referred to Baron Richthofen’s memoir on volcanic rocks, and to the chapter on 
the Tertiary period in the first volume of this series.) It is by no means a 
single crack which has been subsequently filled with mineral material, but 
forms a connected group of fissures whose structural outlines are quite simple, 
_ but whose details produce a complexity almost unknown in metal veins. 

. Extensive explorations, reaching to a depth of 1,200 feet, have facilitated 
to a wonderful degree the study of this immense lode; and although certain 
minor conditions are even yet obscure, there are data for intelligent compre- 
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hension of all the important facts. For a distance of 1,700 feet the galleries 
and tunnels, run for the purpose of exploring the silver deposits, have opened up 
nearly all portions of the vein, and we are able, with almost absolute certainty, 
to map out the general structure of its interior. 

For 4,800 feet syenite forms the west wall. It preserves great uniformity 
in its dip, rarely exceeding 47° to the east, and never rising to less than 40°. 
The west wall plane is not a smooth surface, but advances to the east in broad 
curved projections, to which the name of capes has been given. These gentle 
swellings are characteristic of the whole syenite surface. They point down- 
ward, uniform in dip, with the recurved portions maintaining an average angle 
of 46° to the east. Southward, and north of the syenite, where propylite forms 
the west wall, the same curved, buttress-like ribs lie up and down its slope. 
At a distance varying from 100 to 800 feet further east is the other wall. To 
the east of this lies the propylite country-rock, which, by some strange acci- 
dent, is comparatively unaltered near the vein, but at a very short distance to the 
east becomes decomposed under the influence of the solfataras. 

The east wall is still somewhat indefinite; swelling out often toward the 
east in bold curves, and again approaching the west country, in one or two places 
it comes into actual contact with the latter. From the surface it descends until 
it reaches the inclined face of the west wall, at a depth which is generally 
from 600 to 1,200 feet, although at two places the point of contact is indefi- 
nitely deeper. ‘This depth is varied, first, by the irregularities of the surface, 
and, secondly, by its curves toward the east country or the west wall. It is 
obvious that the farther to the east it deflects the deeper will be the point of 
contact. A frequent feature of the east wall is its convexity toward the 
west. Itis one of the largest examples of conchoidal fracture that can be 
observed. 

These two walls, inclining together, form a V-like section. This wedge, 
produced north and south, results in a long vein mass 20,000 feet in length, 
varying on the surface from a width of 200 to 800 feet, with the western wall 
descending at 45° to the east, and a steep east wall intersecting it, at a varying 
depth of 800 to 1,200 feet. 

So powerful has been the influence of the rigid mass of Mount Davidson 
upon this lode, that, even to the north and south, where it continues wholly in 
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propylite, the system of fissures induced by the syenite is maintained. After 
the cooling of the propylite overflow, a thin dike of andesite penetrated the 
contact plane between the syenite and the propylite, and was undoubtedly the 
first step in the formation of the lode. Contemporaneously with this andesitic 
fissure, or with those of the main andesitic outflow, the eastern fissure was formed. 
To the western is given the name of contact fissure; to the eastern, since it 
contains nearly all the silver deposits, is applied the term of ore channel. The 
submerged base of Davidson not only affected the larger outlines of the lode, 
but has had a tendency to throw the channel further to the east over each of 
the fluted projections of its surface. 

The eastern fissure never penetrates the syenite, but dies out to a mere 
clay seam upon its unbroken front. Throughout the greater part of the lode 
there is no appearance of a vein below this junction; but at the Hale and 
Norcross, and in the Gold Hill group, the contact does not occur, the east 
wall curving into parallelism with the west. The great ore channel, then, is 
simply a gash from the surface down into the inclined fissure which lies upon 
the face of the west wall. The vast deposits of silver which have given to 
these mines their world-wide celebrity, have been almost wholly mined from 
this gash, or its connected openings. While the vein, as a whole, can only be 
regarded as a true fissure, since its deep connections are evident from its chem- 
ical and dynamical conditions, yet that particular fissure which has mainly 
carried the silver is certainly limited in depth by the west wall. The unim- 
portant channels of ore which have traversed the propylite horses, lying 
between the two fissures, are so evidently connected with the main ore 
channel, and confine themselves so closely to its neighborhood, that they may 
be considered as its accompaniments and spurs. 

The wedge-like mass of propylite occupying the middle of the lode is 
considered to be a great horse. It is penetrated with a network of innumer- 
able seams of quartz and clay, and lines which have evidently been the chan- 
nels of solfataric action. It is generally in a decomposed and spongy condition, 
frequently having lost its porphyritic texture. This horse is generally sub- 
divided by longitudinal fissures, commonly filled with clay, and terminating 
downward, near the regions of the walls, in mere plates of pasty material. It 
is also divided by curved, conchoidal fractures, with their convexity to the west. 
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Throughout the central portion of the lode these conchoidal fractures, breaking 
joints with each other, are of frequent occurrence. 

Beside the minor changes of the east wall, there are certain general curves 
to the east, which are connected at the extremities with the west wall, forming 
a series of separate solfataric vents. 'The Gold Hill group of mines occupies 
one of these chimneys; the Bullion and a part of the Chollar Potosi, a second; 
the Virginia group, a third; the Consolidated and Ophir, a fourth. Of those 
mines lying north of the Ophir, our information is so meager that we are unable 
to indicate further chimneys. While there is no reason to doubt that the whole 
vein was formed by one general solfatara, yet, from the difference of miner- 
alization, both in a quantitative and a qualitative sense, it seems certain that, 
toward the close of the action, each of these chimneys was a separate outlet. 

Only about 12,000 feet will be analytically described; and, for the conve- 
nience of study, this central and productive portion is divided into three sec- 
tions: the Gold Hill group, the Virginia group, and the Ophir group. This 
is a thoroughly natural division, answering not only to the solfataric chambers 
but to the bonanzas or ore bodies as they have been found. In general, then, 
the lode has a longitudinal expansion of 22,000 feet. Itis a wedge of material 
included between an inclined fissure on the west side and a steeper gash com- 
municating with it on the east. The gash, curving east or west in accordance 
as the west wall recedes or advances in capes, contains all, or nearly all, of the 
silver bonanzas. The inclined fissure, though bearing here and there small 
bunches of silver, is comparatively valueless. Both these fissures are more or 
less filled with continuous veins of quartz, which are lined on both sides with 
sheets of clay. Clay also fills all the conchoidal fissures of the propylite horse, 
and percolates into every water.channel within the lode. 

Evidence of long-continued solfataric action is present, not only im the 
accumulations of quartz and clay, but in the peculiar decomposition of the 
feldspathic material of the horses. Along the west wall, and separating the 
vein from the syenite, occur at intervals the metamorphosed and decomposed 
relics of the dike of andesite which was the starting point of the Comstock 
lode. Finally, grouped according to interesting rules in the sheets of quartz 
occupying the gash vein, are the bonanzas or silver ore bodies. Currents of 
heated waters still penetrate the lode from below, and are unquestionably the 
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lingering traces of solfataric action. Chemical decomposition is yet active 
here. The vast masses of propylite horses and of clay are to-day quite plastic 
and working with immense dynamic power. Nearly the whole interior of the 
lode is in a condition of gentle chemical activity. 

Atlas-Plates 3, 4, and 5, are horizontal maps of the underground work- 
ings on a scale of 100 feet to the inch. The shaft-mouths are indicated by 
small parallelograms; the separate compartments are crossed, except the 
pump-shaft, which is a simple square in black, drawn to the scale of the shaft- 
section; winzes and inclines, which connect subterranean levels, are in plain 
black; tunnel-dumps are indicated by half-circles of hachures. Each drift is 
marked by a separate color, which continues through all three sheets, at an 
‘approximately corresponding level. The drifts are numbered, first, according 
to their depth from their own shaft-mouths; secondly, in brackets with a sepa- 
rate number indicating the depth below a general datum-point situated upon 
the Gould and Curry outcrop, back of Virginia City. Atlas-Plates 6 and 7, 
and Fig. I, Atlas-Plate 12, are longitudinal elevations, on a scale of 200 feet 
to the inch, on which the mine-workings and ore-bodies are delineated as if 
the vein-materials were transparent. Atlas-Plates 8, 9, and 10 are vertical 
cross-sections, also at 200 feet to the inch, looking north, and cut from east to 
west at all important parts of the lode, and colored so as to show its geology. 
Nos. 11 and 12 are horizontal sections on illustrative levels, also colored geo- 
logically. 

Tue Gotp Hirt Group.—Atlas-Plate 3 embraces 4,300 feet of the 
southern end of the lode, from the furthest workings of the Uncle Sam to 
the north Alpha line. It will be seen that this map lacks a few important 
features, such as the drifts in the mines of Gold Hill proper, which were 
scarcely ever surveyed at all, and of which, when measured, the records were 
not preserved. 

Considerable exploration-work has been done in the Alpha, but, like the 
adjoming group of claims, it has no full map. Fortunately, the geological 
features are quite well understood, so that all questions affecting the general 
structure of the lode are not obscured by ignorance of the workings. 


From the south end of the Uncle Sam the mass of the lode, following 
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the front of a great mountain spur, trends north 28° east, magnetic, until it 
reaches the north part of the Yellow Jacket claim, where it makes a curve 
amounting to an angle of 30°, trending north, magnetic, for about 500 feet; 
then sweeping west in a sharp recurve around Gold Cafion, projects northward 
into the Alpha and Bullion. There are indicated on the map a number of 
points where the east clay wall has been intersected, and whenever the same 
level develops it at several places its probable course is dotted. Where this 
is done a glance is sufficient to understand the direction of the vein. 

In general plan, this section differs considerably from the portion north 
of it. 

From a line which traces the surface in the curves above noted descend 
two distinct fissures, each containing an ore-bearing quartz vein, and each par- 
taking of the geological features of the east gash or ore-channel of the north- 
ern part of the lode. These two veins diverge at about 50°. The east fissure, 
varying in dip from vertical to 45° east, continues indefinitely downward, show- 
ing, in the present lowest mine-levels, a heavy quartz body with no signs of 
immediate change; while the west vein dips west at 45° to 48°, descending 
to a depth varying from 300 to 500 feet, where it is cut off by a nearly hori- 
zontal seam of clay and corresponding wall of rock. After leaving the vein, 
this sheet of clay curves eastward and down through propylite until it nearly 
joins the selvage of clay which lines the surface of the east body. The posi- 
tion and relation of these two veins are shown in the sections of Crown Point 
and Yellow Jacket, Atlas-Plate 8. The section through Empire shaft on this 
Plate marks the greatest eastward dip of the east body; that through the 
Crown Point shaft indicates the same body 1,600 feet further south, where it 
has assumed a nearly vertical standing. 

Included between the two quartz veins, and bounded in depth by the cut- 
off clay-wall, is a continuous horse of propylite, which is divided by fissures, 
filled with plastic clay, whose conchoidal forms terminate downward upon the 
flat clay-wall or connect with the east vein, separating the whole interior of 
the lode into a number of water-tight compartments. 

Deposits of silver occur in the quartz, distributing themselves capriciously 
in segregated bonanzas, separated from each other by intervals of entirely 
barren gangue, or of ore so poor as to be unworkable. 
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The two quartz veins do not extend southward beyond the middle of the 
Belcher ground. Whether they were originally one vein, of which the west 
body is a faulted top, or whether they were distinct fissures, is, perhaps, an 
open question; but be that as it may, south of the Belcher shaft the conditions 
are greatly changed. There is but one vein of quartz. It dips west from 
the surface at a sharp angle, usually 50°, and in depth bends to the vertical, 
and finally inclines to the east. This sheet of quartz extends from the 
Uncle Sam to the Belcher, swelling and pinching quite irregularly, and con- 
taining, through a zone from 200 to 400 feet below the surface, scattered 
bunches of ore. In the Overman this silver-bearing area is 500 feet from 
north to south, the most valuable development being from the 206-foot to the 
406-foot levels, where nine small stopes have been made in a vein varying from 
six to ten feet wide. 

The position and limited extent of these argentiferous spots is shown 
on the longitudinal elevation; Atlas-Plate 6. The whole mass of quartz 
between and around them is also charged with silver minerals, but not richly 
enough to pay for working. It would be quite proper to consider them all as 
parts of one low-grade ore-body, whose true limits cannot be definitely assigned, 
since the only clues to the bonanza-outlines are the measurements of actually 
stoped ground. 

In the region of the Belcher bonanza there is nothing which at all cor- 
responds with the east quartz body of the Crown Point. The following is 
the arrangement in the middle Belcher ground. The east selvage rests directly 
on country propylite, with an inclination west of 45°; it averages three feet . 
thick of tough, dark gray clay, and contains numbers of small, rolled quartz 
and limestone pebbles, from the size of a pea up to that of a hen’s egg; those 
of quartz remaining firm, the limestone being always more or less decomposed 
and powdery. Lying upon this, to the west, is a zone 20 feet in thickness, of 
mixed fragments of quartz and propylite, reddened with iron oxide from the 
decomposition of small particles of pyrites, which are in all the vein materials. 
A thin seam of clay and sand, nowhere more than two inches thick, separates 
this from a second zone of quartz 30 feet thick, which is quite free from any 
mixture of propylite fragments, but is itself shattered into irregular blocks, 
the interstices being filled with fine quartz and infiltrated clays. Three inches 
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of a black, drusy quartz part it on the west from another zone of six feet of 
ore-bearing quartz; this is also broken into blocks of a foot or less in diameter. 
Next is 18 inches of black quartz fragments, and rounded, water-worn pebbles; 
then four feet of white, blocky quartz, separated on the west by a seam of 
dark greenish-gray clay from what is known as the Hawk-eye horse—a mass 
of white quartzose propylite extending down to an indefinite distance, with a 
lateral thickness of at least 300 feet. In general, the section is, first, country- 
rock and clay parting; then 81 feet of quartz, arranged in zones of different 
quality; then the white quartz-propylite, succeeded on the west by indistinct 
propylitic country-rock, into which the 420-foot level of the Belcher has run 
over 500 feet, but developed nothing important. 

In the Crown Point Mine, next adjoining the Belcher on the north, is a 
totally different structure: see section on Atlas-Plate 8. Here are two 
distinct bodies. The west vein, as it is called, dips at about 48° to the west, 
extending down to a vertical depth of 400 feet. Opposite the Crown Point 
shaft, where it is cut successively by the 160, 230, 300, and 400-foot levels, it 
is a mere seam at the surface, steadily increasing downward, and reaching a 
breadth of 20 feet on the 160-foot level, and of 50 feet on the 400-foot level. 
The quartz composing it is broken and blocky near the surface, and in depth 
becomes more and more fractured and crushed to a sugary condition. It has 
a prevailing red tint, from surface infiltrations. Both the selvages are sheets 
of pure, homogeneous clay, without pebbles, from a foot to three feet in thick- 
ness. On the 400-foot level this vein is cut off by a smooth wall of rock, 
- covered with a facing of clay, and lying nearly horizontally, but with a slight 
inclination to the east. On the section through Crown Point and Yellow 
Jacket shafts, of this Plate, this body and horizontal cut-off are shown. In the 
west vein, ore began west of the Crown Point shaft, 75 feet below the surface, 
and filled the whole vein down to the 400-foot level, with a longitudinal extent 
of almost 500 feet, running through the Kentuck mine into the Yellow Jacket, 
for a distance of 200 feet. Its cap-like figure is shown on Atlas-Plate 6, as 
Crown Point west bonanza. At a distance of 100 feet to the east of the shaft, 
see section on Atlas-Plate 8, stands a nearly vertical vein of quartz, which 
at this point begins on the east wall, at a depth of 200 feet below the surface, 
and widens downward, reaching a maximum of 125 feet on the 700-foot level. 


THE COMSTOCK LODE. 45 


Like the west vein, it is faced with selvages of clay. That on the east, parting 
it from the country propylite, contains the same rolled pebbles as were men- 
tioned in the Belcher, which, through the whole lode, distinguish the east clay 
from the west selvage; the latter is drier, more uniformly pasty, and carries 
no pebbles. Ore was wholly wanting in the Crown Point workings of this 
vein down to 30 feet above the 500-foot level, where, 130 feet east of the shaft, 
and 60 feet south of its plane, a small silver deposit made its appearance, occu- 
pying 20 feet of the quartz body, narrowing as it descended, and entering it 
like a wedge. In the Yellow Jacket, 60 feet north of Crown Point shaft, on 
this same level, lying in similar contact with the east clay, was also a small 
body of workable ore, 30 feet long and 20 feet high. Above the sixth station 
this same body was sufficiently rich to be worked. A similar concentration 
occurred above the 700-foot level, and continued north through the Kentuck 
claim into the Yellow Jacket. On the 800-foot level the ore occupied three 
sheets in the quartz, thinning to mere edges upward, but widening downward, 
decreasing in richness until the ore was disseminated throughout the vein. 
On the 800-foot level the bonanza began to pitch to the north; on the 900- 
foot level there remained only 25 feet of ore, which in a few feet of depth ran 
into the Kentuck, leaving below this, as far as the deepest explorations have 
gone in the Crown Point, a vein of utterly barren quartz. All the western 
cuts from the low levels discover a large clay-seam, approaching gradually in 
depth toward the west selvage of the east vein. It is without doubt the same 
wall which, higher up, curves over to a horizontal position and terminates the 
west vein. 

A considerable change takes place in the short distance of 270 feet, 
between the plane of the section just described and that through the Yellow 
Jacket south shaft; also on Atlas-Plate 8. The western vein has increased from 
50 to an average_of 110 feet wide, its west selvage maintaining nearly the same 
dip as in the Crown Point mine, but recurving slightly to the east. The eastern 
side of this vein makes a bold swell to the east on the 190-foot level, recurving 
to the west on the 360-foot level, and again widening out upon the terminating 
wall to nearly 200 feet. The ore, instead of being distributed equally through 
the whole of this large mass of quartz, is on a central zone or sheet about 
equaling the whole thickness of the vein in the Crown Point section. The 
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360-foot level was driven due west through this vein, and 120 feet west into 
the country-rock, which proved to be a metamorphic schist. The workable 
ore rises about 50 feet above the 190-foot level, and ends in the quartz like a 
wedge. 

The whole east vein in this section has a greater inclination to the 
east than in the Crown Point: from the 200-foot level it pitches to the east at 
an angle of 50° with the horizontal. No ore was inclosed in it until 550 feet 
below the mouth of the shaft, where the silver deposit began on the east clay 
and widened downward, until at the 730-foot level it was 20 feet wide. On 
the 840-foot level, a little south of this section, the drift developed ore all the 
way through the Kentuck and the Crown Point; 600 feet north of the shaft, 
on this level, ore also occurs directly under the old north workings of the west 
vein. At the present deepest level the ore reaches from the Crown Point 
north line to the Yellow Jacket shaft, and, after a barren interval of 200 feet, 
continues 190 feet further north, with the breast still in ore. This is well 
shown on Atlas-Plate 6. 

Passing now to the section through the Yellow Jacket north shaft, it will 
be seen that the west vein has almost disappeared and is only represented by 
a thin seam of quartz, eight feet thick, faced with thin layers of clay. The east 
vein, on the contrary, has increased extraordinarily. Its surface width is 200 
feet, thinning down with irregularly curving walls to the greatest contraction 
on the 525-foot level, where it is only 45 feet wide, but rapidly makes in depth 
to the 700-foot level. Here it is singularly broken off by a-dike of quartzose 
propylite. A clay-vein parts the dike from the quartz. When the working 
connections shall have been made between this point and the lowest level from 
the south shaft, the nature and extent of this intrusive porphyry will be under- 
stood; but at present little can be said of it. An air connection has been 
lately made between these points, developing, as was expected, the imperfect 
continuity of the quartz. Silver ore is confined to the zone from 30 feet above 
the Union Tunnel to 40 feet below the 530-foot level in the old works. It is 
hoped and believed that the most northern ore in the 940-foot level will rise 
nearly to the bottom of the north mine-works. There are two bonanzas lying 
in the same quartz-mass, separated by an interval of barren rock. They are, 
in fact, the southern ends of the Gold Hill bonanzas. Their upper outlines 
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are approximately the same, but the east body descends 200 feet lower than 
the west. 

The next northern section is that through the Consolidated shaft, Atlas- 
Plate 8, where the east country propylite outlines the vein in a broad con- 
choidal curve, assuming the regular dip below the 420-foot level. The selvage 
of east clay, with its inclosed pebbles, which has been the partition between 
country-rock and vein-matter throughout the whole east face of the lode, here 
thickeus to 30 feet. Its interior structure is partly a series of parallel plates 
and partly a compacted mass of conchoidal scales, which bear on their striated 
and scored faces the evidence of motion. The ore still shows its tendency to 
form in two parallel sheets with the addition of a connecting diagonal vein. 
Higher up, and inclosed in the same dislocated and shattered quartz vein, lies 
a narrow seam of ore, dipping to the west and corresponding in position and 
character to the west vein. It is believed that this is, in fact, its northern 
extension. 

Continuing still further, the next diagram is a section on the plane of the 
Hclipse shaft. Here the east wall dips west from the surface to the 335-foot 
level, then curves sharply under, assuming the regular east dip. This wall is 
lined with the characteristic pebble-bearing clay, which thickens toward the 
south into the immense body described in the Consolidated shaft section. 
The quartz is more than ever shattered, and the ore dislocated and thrown 
into broken, isolated patches. The same western-dipping seam of silver ore 
was found, inclining from the surface 45° west, and was profitably worked 
out. Where the west wall would be naturally expected, as in all the country 
west of the Gold Hill mines, there is only a broken and decomposed mass of 
rock, showing evident solfataric action, and interlaced by an infinite number of 
fissures lined with clayey material and glazed with a coating of oxides of iron 
and manganese. 

Next north is the important section through the Empire shaft. Here 
the east country-rock is much decomposed and reddened at the surface, but 
soon becomes homogeneous and normal in depth. The clay is well defined, 
thickening at the 328-foot level to 20 feet. Quartz lies next the east clay 
down to the lowest openings on the 1,084-foot level of the Empire-Imperial 
shaft. As in the north Yellow Jacket, the quartz, from an extreme thickness 
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on the surface of 200 feet, tapers around the swell of the east wall to about 
AO feet on the 428 and 535-feet levels, widening again downward to 100 feet 
at the deepest drifts. The west vein cropped on the surface and continued 
west and down to 220 feet. 

In the last three sections this west vein has only appeared as a seam of 
ore in the general quartz-mass with the east ore-bodies. ‘This wide zone of 
quartz is broken and shattered into blocks, becoming more and more crushed, 
until in depth it assumes the sugary form. On the 328-foot level it is 50 feet 
wide, dividing toward the surface into three sheets, of which the western, or 
thinnest, rises 80 feet and ends. ‘The middle one, 23 feet thick, reaches 70 
feet above the 240-foot level, while the eastern seam ascends to within 150 
feet of the surface. Through all of the upper workings down, at least, to 300 
feet below ground, the quartz is stained with manganese oxide. This occurs 
in a thin coating and lining of the cracks. It is partly of the ordinary man- 
ganese oxide and partly hard manganese ore. 

The Comstock lode, then, throughout this section, is walled on the east 
by normal feldspar-hornblende-propylite, which, near the surface, and more 
especially north of Gold Cation, is earthy and tinted of every ochreous 
shade of red and yellow. The porphyritic texture is still traceable in the 
decomposed upper rock and becomes more and more apparent in depths 
where, below the line of atmospheric oxydation, the rock assumes its normal 
condition. Stringers of clay and minute veins of quartz thread the wall-rock 
in the neighborhood of the vein, and, near the 900 and 1,000-foot levels, gyp- 
sum accompanies the fissures, occurring in fibrous crystallizations, usually 
arranged diagonally across the cracks. 

The nature of the west wall is somewhat problematical. Lying west of 
the west quartz vein, from the Empire to the Crown Point, is a confused mass 
of propylite and distorted metamorphic rock, fissured in every conceivable 
direction, and obscured by thermal action. Replacing these rocks in the 
Belcher, a mass of white propylite comes in contact with the vein and extends 
indefinitely downward. The western vein extends from the Alpha to the 
Middle Belcher, terminating from 300 to 500 feet on what is, in fact, the west 
wall of the lode. very indication points to the belief that this singular 
horizontal clay curves downward and joins the east vein. Wherever explora- 
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tions have been pushed to the west and below it, no signs of a vein have been 
found; each tunnel has encountered western country-rock, altered propylite, 
metamorphic, (uralitic,) schists, or quartz-propylite. 

Concerning the geological relation of the east and west veins, Raymond, 
(Report on Mineral Resources, &c., 1869, page 46,) says: 


“Sixth ore-body.—The large body described as No. 4 of the Yellow Jacket, Ken- 
tuck, Crown Point, and Belcher, extended to the depth of 400 to 500 feet vertically 
below the surface, where a body of clayey matter, originating from a heavy dike of fel- 
spathic porphyry, cnt it off very abruptly. In the Yellow Jacket, explorations were 
carried on for 100 feet vertically below this line, but without success in finding ore. In 
the Crown Point, explorations were made both eastward and downward; and the vein 
matter to the east of where the ore gave out was found to be replaced, frequently for a 
horizontal distance (east and west) of 150 feet, with various species of porphyry, of 
which felspathic porphyry predominated. As the prospecting work advanced eastward, 
the vein began to carry quartz again, and, about 450 feet east of the place where the 
ore was abruptly cut off, this quartz began to carry ore. Fifty feet further east, in the 
500-foot level of the Crown Point, a very fine body of ore was discovered. West drifts 
from the first body to the west wall proved the ground to be barren. This conclusively 
demonstrated that the vein matter had suffered a dislocation from west to east, and the 
ore found east was locally termed the “East Vein.” This body has thus far been 
explored and werked for a horizontal distance of 400 feet. It hasits southern terminus 
about 200 feet south of the north line of the Crown Point; its northern limit has not 
yet been determined. Its upper edge is 75 feet above the 500-foot level of the Crown 
Point; it dips with the east wall slightly to the east, and inclines so decidedly to the 
north in depth that the 900-foot level of the Crown Point has not a trace of it, even at 
the Kentuck line. (The ore has therefore made 200 feet “‘northing” in 400 feet verti- 
eal depth.) The terminus of this body in depth has not yet been found. The Yellow 
Jacket explorations (850 feet vertically below the surface) show it still continuing down- 
ward and northward. In the Crown Point it is nearly exhausted.” 


Although agreeing with Raymond in every other particular of his excel- 
lent chapter on the Comstock ore-bodies, the writer cannot agree with 
his belief that the west quartz is a faulted mass from the east or main vein. 
First, because there are no signs of such powerful lateral movement through 
the propylite horse material lying between the two quartz-masses; on the 
contrary, the leading jointing lines and clay seams, with the exception of a - 
single sheet in the north Yellow Jacket, are up and down. Secondly, if it 
had been faulted, the east vein would have been wanting east of it, which is 
not the case either in the Crown Point or Yellow Jacket. Thirdly, indica- 
tions that this west fissure is independent of the main or east vein are present 


in the Eclipse, Consolidated, and Empire sections, where, cut through the 
fi 
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united mass of quartz, and entirely distinct from the east ore-body, is the 
northern prolongation of the west ore-sheet, terminated in depth with the 
same oblique clay-plane, which plane joins, as far as can be seen, the west 
selvage of the east vein. 

The main east vein conforms closely to the curved conchoidal lines of the 
east country, and narrows from 200 to 60 feet, widening in depth again to 100. 
The surfaces of this quartz are never smooth, but fractured masses are more 
or less imbedded in the clay walls. This quartz is more and more shattered 
in depth, becoming altogether sugary below 500 feet, like that of the lower 
portion of the west vein. The red tint of the surface, given by percolations, 
extends only to the depth of 300 feet in the east vein, but descends along the 
clay-wall of the west vein to the 452-foot level. ‘The east vein, in the deepest 
workings of the Crown Point, Yellow Jacket, and Empire-Imperial, still con- 
tinues with only slight signs of diminution. An increased raixture of clay and 
small fragments of propylite is the only bad sign, and this, though usually a 
fatal indication, has not yet proven so either here or in the Hale and Norcross. 
At the south end of the 800-foot level of the Crown Point, the quartz begins 
to be cut out transversely by propylite; but after a brief interruption of 300 
feet it continues southward for a short distance into the Belcher; see Atlas- 
Plate 12. Lining these two veins of shattered quartz are. selvages of a: plastic 
gray clay, formed doubtless of decomposed propylite. It is of a tough con- 
sistency, and when air is admitted by gallery or shaft it immediately begins 
to swell and exert tremendous pressure, forcing itself through the interstices 
of rocks, bending and breaking the most carefully laid timbers, and filling 
mine-openings with extraordinary rapidity. The average thickness of the 
east clay is two to three feet, but it expands in places to 30 and 40 feet. The 
clays of the west vein are rarely over two feet, usually less; they are darker 
in the region of the metamorphic rock, probably from the decomposition of 
magnesian and iron minerals. Those clays which mark long fissure-lines 
through the horse materials are of the same water-tight, tough nature. They 
render mining drainage extremely uncertain; for reaching a given level is no 
proof that all the region above will be drained, since the clays dam up within 
the limits of conchoidal fractures a series of independent reservoirs which can 
never be predicted. 
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Waters above the 800-foot level are usually about 70° F., which is also 
the average heat of the rocky material of the vein. In the 1,040-foot level of 
the Crown Point, and the lowest drifts from the Empire-Imperial, waters, 
apparently rising from below, are found of a temperature of 102° F. 

The reader is referred to Atlas-Plate 6, for the arrangement of bonanzas. 
This Plate, on a’scale of 200 feet to the inch, is a longitudinal elevation of mine- 
works, and is tinted with purple to indicate the silver bodies. In the southern 
part are the group of small ore-bodies in the single vein which traverses the 
Uncle Sam, Overman, and the Segregated Belcher. In the western vein first 
occurs the Belcher bonanza, of irregular, rounded outline; next north, after a 
barren interval, is the Crown Point west bonanza; succeeded again on the north 
- by the oblique spur representing the west vein in the Gold Hill mines. In 
the east vein is the Crown Point bonanza, lying east of, and below the former. 
This is a wide-spread deposit, clouded irregularly through the region within 
the dotted line upon the Plate. After continuing down vertically to the 800- 
foot level, it pitches thence northward, and expands rapidly in the Yellow 
Jacket. In cross-section the ore of this bonanza shows a tendency to split into 
parallel zones in the vein, ending upward, like wedges, in the quartz. 

In the great Gold Hill bonanza the mode of occurrence can be better 
understood by a glance at Atlas-Plate 6 than by a lengthy description. The 
quartz in the ore-bearing parts of the veins does not in any particular differ 
from that in the barren portions. It is usually either reduced to blocks which 
are crushed roughly together, or else shattered to a fine sugary state. There 
are portions, as on the 700-foot level of the Yellow Jacket and Kentuck, 
where it is a fine powder. So little compact, rocky quartz is there, that the 
ore has been wholly removed without blasting. Commingled with this sugary 
quartz are small, angular bits of propylite, and more or less clay infiltrations. 
The bonanzas, as defined, give, in one sense, an erroneous impression, their 
boundaries only representing the limits of the pay ore, on a grade rarely less 
than $20 per ton. Throughout the uncolored parts of the Plate, the quartz has 
only a small tenure of ore. The mineralization and probable origin of these 
bonanzas will be discussed at the close of this chapter. The Gold Hill bonanza 
descended from 250 to 550 feet, and although explorations have been pushed 
500 feet further, the quartz is barren. In the Empire-Imperial lowest drift a 
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few little threads of silver were found, as is the case through all the quartz, 
but they led to nothing. The Yellow Jacket, and a part of the Kentuck, have 
now at their lowest level the only deep ore in the Gold Hill section. Regard- 
ing these several bonanzas as a group or family, it is noticeable that the deepest 
ore lies almost vertically under a point in their middle, and that north of this 
central line have been the longest and richest deposits. 

Tuer Virernta Group.—lIn the Virginia division the fissures have followed, 
first, the contact plane between the propylite and older syenite; and, secondly, 
have continued their northeast trend out into the propylite after the contact fis- 
sure bent to the west, and, still diverging at an angle of 50°, the eastern fracture 
has made a bold curve to the east, finally turning back again to join the west 
wall in the Gould and Curry ground. The first section on Atlas-Plate 9 is . 
constructed through the Potosi south stope, almost on the plane of the Chollar 
shaft. On the level of the Potosi adit, 218 feet below the datum-point, the entire 
vein was one mass of quartz for a breadth of 280 feet. Above that point it 
divided into three spurs: one following the west wall upward at an angle of 45° 
to the surface, maintaining a width of 50 feet; the middle mass, curving upward, 
divides a great horse of propylite in two; the third, having a width of 140 feet, 
rises to its outcrop, separating the east horse from the east wall. From the adit 
the quartz descends about 500 feet to a point just below the Chollar-Potosi first 
station, or 669 feet below the datum-point. The west wall, wherever developed 
in this section, has a smooth, even face, and a regular dip of 45° east. The east 
wall is much more nearly vertical, and therefore converges into contact with 
the syenite. This junction, which is just below the the Chollar-Potosi first 
station, marks the termination of the wedge of quartz. A thin selvage of dark 
clay parts the vein from the syenite, and the ordinary thick, pebble-bearing 
clay lies continuously between the vein and its east wall. The quartz forming 
this:-immense body changes frequently in texture, and shows the great variation 
in dynamical influences which have modified all the Comstock materials. The 
western spur, which follows the west wall, is hard, blocky, and characterized 
by crystalline vugs, to a depth of 400 feet; the middle one outcrops but feebly, 
and is of a mechanical texture similar to the west; the east spur, on the con- 
trary, more nearly resembles the crushed rock of the whole ore-channel. Both 
horses included between these sheets of quartz are wholly of propylite, and, as 
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usual, are intersected by clay veins, and are of a semi-decomposed, spongy 
nature. The whole mass of the lode here, both quartz and horse, is impreg- 
nated with iron pyrites, and near the surface all its cracks and faces are glazed 
with coatings of oxide of manganese. 

Following the east wall, from the surface down 400 feet, is a body of ore 
which widens from a thin seam to 80 feet on the 218-foot level, and then nar- 
rows again to its lower termination. The greatest width of this is in the Potosi 
adit, and here, in its very heart, is a zone of barren red quartz, included after 
the manner of a horse. Below the 242-foot level the ore leaves the east wall, 
and is separated from it by a thin plate of dead white quartz. From the same 
level to the Chollar-Potosi first station, the white quartz gradually cuts out the 
red; in other words, the action of surface oxidation descended lowest upon the 
west wall, and gave out altogether at a depth of 400 feet. Below the junction 
of the walls, at 669 feet below the datum-point, the vein is entirely wanting, 
the propylite resting in almost exact contact with the syenite, the separating 
sheet of clay being almost as thin as paper. Explorations have been pushed 
downward to a depth of 1,408 feet below the datum-point without any signs 
of the lode making again. 

The next section to the north, on Atlas-Plate 9, is through the Potosi 
shaft. Here the same general features are observable. The vein begins to 
branch upward at a somewhat deeper level, just below the 242-foot station, 
and, in consequence, the two horses descend further into the lode. There 
is also a greater expansion from east to west. The surface line following the 
incline of the hill gives 750 feet of outcropping material; the longitudinal 
width on the level of the Potosi adit is 400 feet; the vein also descends to a 
greater depth, the contact of the two walls taking place half way between 
the second and third Chollar-Potosi stations, or at a point 830 feet beneath the 
datum-point. 

The ore, as in the former section, follows the eastern wall from the sur- 
face down to about 500 feet; it is, however, narrower, never exceeding 50 
feet. From the 350-foot level down to the first Chollar-Potosi station, the 
quartz is separated from the west wall by a thin sheet of irruptive rock which, 
from evidence hereafter adduced, is considered to be a dike of andesite. As 
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in the last section, the lower portion of the quartz is white, and is parted from 
the red by a seam of clay. 

Minor changes occur throughout the whole quartz-mass. ‘They are usu- 
ally traceable in a parallel arrangement of zones, which differ from each other 
in size of fractured blocks, in color, in amount of clayey infiltrations, and most 
prominently in their tenure of silver minerals. An interesting example of this 
is in the section now before the reader. That spur which follows down the 
east wall is charged through its eastern half with extremely rich silver sulphu- 
rets, the argentiferous portion being defined on the west by a thin seam of 
mixed clay, red ochre, and finely comminuted quartz. The quartz lying west 
of this seam is redder, firmer, and far less richly mineralized of the two. 
Upon descending, the partition line continues to separate the bodies down to 
the west wall, where it brings up against the black (andesite) dike. Below 
the 290-foot level the east body loses its red color. 

The west wall preserves its old dip, but has not so perfectly eyen a sur- 
face. It has already begun to bend westward. The same deep explorations 
have been continued below the termination of the vein, and there are still no 
signs of its renewal. From the Bullion, then, to this point, the lode is an 
immense wedge of quartz, widening as it rises toward the surface, until, on 
the 242-foot level, it divides into three bodies, which continue to the'face of 
the hill slope, occupying respectively the west side, the middle, and the east 
wall, and embracing two large horses of propylite. It was shown that the 
bonanzas on the Gold Hill northern sections are confined to the east wall. 
The evident parallelism of arrangement between them and the two last con- 
sidered sections is an interesting instance of the unity of plan throughout the 
lode. 

Lying to the north of the Chollar-Potosi is the Hale and Norcross claim. 
A section through the plane of its shaft is next given. It will be noticed that 
a marked change has taken place in this short distance. The old wedge of 
quartz reaches down to about the same distance, but the horses have pene- 
trated to a greater depth, cutting off entirely the middle and east quartz-spurs 
on the lower levels. The clay wall which defined the-eastern limit in Potosi 
ground is still apparent on the east side of the east red quartz, but an entirely 
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new fissure has developed itself to the east of the old one. Starting from the 
surface trace of the east clay, the new fissure descends nearly vertically to the 
400-foot level, where it curves rapidly to the east, projecting indefinitely 
downward at a general dip of 40°. 

In contact with the east wall, downward from the 480-foot level, has 
existed a vein of white quartz, having an average width of 70 feet, but con- 
tracting on the 750-foot level to 40 feet, and again on the 1,100-foot level 
pinching to about the same breadth. 

Where the quartz first made its appearance it curved eastward, approach- 
ing a horizontal position, and including a large body of ore. 

This ore has occupied a zone on each side the quartz, whose central por- 
tions have never carried a workable percentage of silver. The same irruptive 
dike which was noticed in the middle levels of the Potosi section occurs in 
the Hale and Norcross, rising to different heights along the west wall, appear- 
ing with more or less regularity down to the 1,000-foot levels. From the 
535-foot station down to the 750, a seam of quartz crosses it diagonally. The 
red vein, forming the western mass and corresponding to the great body in the 
Chollar-Potosi shaft-section, is here never richly mineralized. In the early 
days of Washoe mining it was rejected altogether, but under the present 
stimulus of cheaper costs of mining and milling it is yielding a fair profit. 
The character and average silver tenure of these poorer parts of the lode are 
the most difficult points to consider; all ore selections are made by the 
miner’s eye, the constantly changing percentages in the rock defying a 
general estimate. The only true value is gotten by mill returns. 

By referring to Atlas-Plate 11, it will be seen that the section on the 
331-foot level shows the red vein and the remarkable fact that it leaves the 
east wall and traverses the horse material, joining the west wall at the extreme 
western angle of the recurve. The west country in the Hale and Norcross 
inclines to the east at a rather gentler angle than in the more southern claims. 
Quartz, propylite, andesite, and clay are all alike impregnated with brilliant 
crystals of iron pyrites. 

The three sections of Atlas-Plate 9 illustrate every important fact in 
the southern half of the Virginia group.excepting the existence of two syenite 
horses, which appear on Atlas-Plate 11. In the Bullion and the southern part 
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of the Chollar-Potosi, in both sections of this Plate, may be seen lying upon 
the west wall a considerable mass of syenite, defined upon the west by a clay. 
These bodies are unlike the west country syenite in that they are decomposed 
by chemical action, usually, it is true, much less than the propylite material, 
yet so far as to lose their coherent texture and become softened and, in a meas- 
ure, plastic. 

The ore-bodies south of the Hale and Norcross line are confined to levels 
within 500 feet of the surface. The most southern, or Blue Wing, is cut in 
the Potosi-south-stope section and may be also studied on Atlas-Plate 4, where 
the expanded levels overlying one another are horizontal cuts of its most promi- 
nent portions. On Atlas-Plate 7 it is shown in vertical elevation directly back 
of the Potosi shaft. With a width on the surface of 160 feet it descends to 
360 feet. As was remarked of the Gold Hill bonanzas, these limits only indi- 
cate the extent of ore that carried not less than $25 to the ton. A very large 
portion of the vast quartz body lying to the west, north, and south of this stope 
contain sufficient silver to warrant working at present labor prices, and in the 
course of the next two years the boundaries of the bonanza must be con- 
siderably enlarged. Next north of this lies the Potosi bonanza, a large and 
valuable body which, on the level of the Potosi adit, extends from north to 
south 450 feet. Its greatest downward extension was on a line dipping 
toward the south and extending from its upper limits 600 feet. 

Lying west of this in the upper levels was a small, irregular body, also 
laid down on Atlas-Plate 7. A cross-section through the Hale and Norcross 
lower works, from the 787 to the 1,338-foot level, Fig. 3, Atlas-Plate 12, 
shows the arrangement of the quartz and ore at the present bottom-level. 
The seam which had followed the east wall to the 750-foot level leaves it and 
curves downward into the middle of the vem. A deposit of ore occupies its 
central position down to the 1,000-foot level. On the 1,170-foot level a thin, 
limited bunch of silver edged its western termination. At the 1,000-foot level 
anew body of quartz made its appearance in the eastern wall; its position 
is shown on Atlas-Plate 12. This important new body carries its ore on 
the eastern side, and includes within its crushed mass brecciated bits of 
propylite. 
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The section on Atlas-Plate 10 through the Savage stopes shows, first, the 
gradual giving out of the red bodies near the west wall; and, secondly, a rapid 
rising toward the surface of the east white body. The east wall has assumed 
a double conchoidal curve, presenting a decided convex front to the lode down 
to 210 feet below ground; then reversing, throws eastward its curve with the 
concave side turned toward the vein. In these bends are two bodies of quartz, 
tapering together and giving in section the form of two crescents. The sec- 
tion of these bodies and the subdivision of fissures in depth afford one of the 
most interesting examples of complicated structure in the whole lode. The 
two bodies of ore are still distinct, but instead of the separating space of bar- 
ren quartz before noticed, they have included a propylite horse. The eastern 
side of this horse is largely decomposed, resulting in a thick band of clay 
16 feet wide. ‘Traces of the old west fractures may be seen in the north 
Potosi adit in two small filaments of red quartz which cross it in an inclined 
position. 

The east veins at this point were barren to the bottom of the first great 
curve; from thence downward they were nearly filled with ore until they began 
to converge, From there the sheets of quartz rapidly came together, and, 
becoming largely intermingled with fragments of country rock and clay, grad- 
ually lost their tenure of silver, and, below the station, narrowed to their 
extreme thinness, ending, at last, in a mere loose belt of clay. 

The arrangement of these quartz-masses along the east wall and concen- 
trically within it, are excellently shown on the lower section of Atlas-Plate 11. 
The true east wall completes a semicircle to the east. From the Chollar line 
to the Gould and Curry, it has no quartz in contact with it. The main ore- 
channel diverges from the wall 100 feet north from the Norcross south line 
and follows its curvature, but lies usually about 100 feet within it. 

The ore through the North Norcross and South Savage was a zone vary- 
ing from 15 to 35 feet in thickness, lying for the most part on the east side of 
the quartz. The quartz itself averaged 50 feet wide, and was uniformly of 
the sugary-fine variety. Concentrically, and to the west of this, lay a fine seam 
of ore-bearing quartz about six feet thick. After pinching to a mere thread 


opposite the E-Street Savage shaft, where the greatest amplitude of the 
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Virginia curve occurs, the main quartz quickly expanded northward to its old 
dimensions, carrying an immense bonanza. 

Comparing the two bonanzas north and south of this point, Atlas-Plate 
7, it will be at once seen that the southern is more regular in form, while the 
northern is larger and more important. 

Lying east of this North Savage body, and confined between the 661 and 
768-foot levels below the datum-point, there occurred a more eastern quartz- 
body, lying in contact with the actual eastern wall. This so-called “Potosi 
strike” is shown on Atlas-Plate 7, relieved with a darker tint against the 
Savage bonanza. Its horizontal section, on the plane of the Savage seventh 
level, is indicated on Atlas-Plate 11. Lining this body on the west, and 
defining it from the curved propylite horse, was an immense vein of clay, 18 
feet in thickness. On the Savage seventh station, this quartz-body has 
entirely given out. 

A section on the Savage north line is given in Atlas-Plate 10, showing 
the bodies of quartz filling conchoidal fissures, whose convex sides are to the 
east. The red quartz descends to a depth of 500 feet, and is firmer and less 
easily mined than the parallel zone of white. The eastern body is wholly of 
white quartz, and contains its ore in a limited segregation in the very heart of 
the sheet. An important fissure, still further to the east, makes its first 
appearance in the Gould and Curry second station, 625 feet below the datum- 
point. 

Turning now to the section through the Bonner shaft, Atlas-Plate 10, 
a new wedge-like body of quartz is seen lying upon the syenite in the 
upper levels, known as the Eldorado vein. This converges at the depth 
of the Eldorado adit with what was the larger body of the Savage north 
line. This connects in depth with the eastern vein, and forms a continuous 
mass of quartz, widening to 170 feet. From the outcrop 310 feet down, is 
contained a very remarkable bonanza, whose peculiar section in the Gould and 
Curry is seen on Atlas-Plate 10. A singularly complex figure, it is really 
two vertical sheets, connected near their bottom by a diagonal joining-seam, 
similar to that noticed in the northern Gold Hill workings. Here was the 
richest and most productive of all the Comstock ore-ground. For five years 
the chambers in this bonanza steadily yielded an immense revenue; and even 
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now the only supply of the Gould and Curry is the formerly rejected por- 
tions of this body. The horse material enters the body of red quartz in two 
wedge-like masses, closely resembling in form those of the section through the 
Potosi shaft. 

It is instructive to compare these two sections. In each the red body 
follows the west wall, and toward the surface thrusts up a central spur, out- 
cropping in the middle of the vein. Following the western wall to the sur- 
face is a lesser spur, which, in the Gould and Curry, branches from the large 
mass just below the Mount Davidson adit. In the Chollar-Potosi, as already 
shown, the eastern is the larger and ore-favored sheet; in the Gould and Curry 
on the contrary, the central mass largely predominates, and contains all the ore. 
From the South Chollar ground to the North Gould and Curry, is an elliptical 
chamber, widening in the middle, as was shown on the Atlas-Plate 11, to 900 
feet. It will be seen that in this great central chamber of the Comstock the 
quartz has made its appearance in two sheets, occupying positions successively 
lower and eastward; following the east wall for a certain depth, and then 
diverging in a more vertical course, to be replaced by new east bodies, which 
in turn fork downward into the vein. The southern half of the eastern curve 
of the east wall is about in the plane of the long fissure from the Bullion to 
the North Chollar line. The quartz has a tendency, throughout the whole 
curve, to swing from the east to the west wall, undoubtedly given by the 
underlying syenite, which in the north part of the chamber juts boldly to the 
east. 

Atlas-Plate 11 consists of two horizontal sections of the Virginia cham- 
ber: first, on the level of the North Potosi tunnel, 331 feet below the datum- 
point; secondly, on the plane of the Savage second station, 625 feet below the 
datum-point. Both these sections are on levels which are remarkably well 
known. It would also have been difficult to choose two planes where more 
interesting conditions could be exposed. In the first is seen the two Chollar- 
Potosi quartz-masses, together with their included propylite horse, curving 
over to the west wall, where, against the right angle of syenite, they eventually 
cease. The Savage-Gould-and-Curry quartz sheet is also seen to part, its larger 
mass traversing the middle of the lode and ending, like those of the Potosi, 
in a mere plate upon the west wall. The second or lower section is chiefly 
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interesting where it shows the Bullion and the Chollar syenite horses, and the 
remarkable manner in which the interior structure-lines of the North Savage 
mine conform to the sudden change of direction of the west wall. The reader 
will find in the three transverse clays which mark the west wall, the termina- 
tion of the ore-bearing quartz, and the immense seam which bounds the 
Potosi strike, most interesting examples of the power of a rigid wall over less 
coherent materials. 

Fig. 2 of Atlas-Plate 12 shows the aspect of the chamber on the present 
lowest levels. In the Chollar-Potosi the vein is entirely wanting, the walls of 
propylite and syenite being simply parted by an almost imperceptible sheet of 
clay. The quartz-body which begins in the North Chollar, and extends for 
200 feet into the Hale and Norcross, along the west wall, is of white crushed 
rock, mixed with clay and porphyry, and barren of all silver. 

The three bonanzas described in the Chollar-Potosi, see Atlas-Plate 7, 
are the uppermost limits of the fan-like expansion of the whole silver system 
of the chamber. The Hale and Norcross bonanza is about equally divided 
between the Norcross and Savage mines. Its upper level was 355 feet below 
the surface, and it extended to the 850-foot level, terminating in barren quartz. 
The average thickness was about 15 feet; its greatest width of 50 feet was on 
the 535-foot level. Next below, a little further east, lies the second Hale and 
Norcross bonanza, the present lowest ore in this group. The Savage bonanza 
rises toward the north, filling the same sheet of quartz from the 868-foot level 
to the 486, inclined constantly to the north, and reproduced still further toward 
the surface by the great Gould and Curry bonanzas. These two bodies have a 
combined length on their greater, or inclined, axes of 800 feet, and an average 
horizontal length of 300 feet, while their width across the vein increases from 
20 feet in the lower Savage bonanzas to 100 feet in the upper levels of the 
Gould and Curry. ‘ 

Chemical decomposition has progressed somewhat further than in Goid 
Hill; the lithological structure of the propylite is rather more obliterated, the 
whole mass tending more into clay. 

As was remarked of the Gold Hill workings, this clay matter possesses 
wonderful expansive power. The timbering and galleries have been crushed 
with an almost incalculable force, in several instances requiring greater expen- 
diture to keep the drifts open than for the original cost of construction. Where 
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it has been necessary to fill large chambers to prevent serious accidents from 
caving in, as was the case in parts of the Savage and Gould and Curry mines, 
rooms were opened in the thick bodies of clay, and an endless supply obtained 
by its expansion. In the region of the Potosi strike, a chamber about twelve 
feet high and fifteen feet across was opened in clay, which, on exposure to 
the air, immediately began to swell and to flake off in conchoidal scales from 
a foot to two feet in size. ‘Two men wheeled these as fast as they fell from 
the roof of the excavation, and dumped them into the open stopes. For weeks 
the falling clay gave them ample material, the size of the cavity scarcely 
changing meanwhile. After filling the stopes the chamber was abandoned; 
and when next visited, at the end of a few weeks, was found to have filled 
itself solid. . 

THe Opnir Group.—Atlas-Plate 5 comprises all of the materials that 
can be assembled of the region lying between the Gould and Curry and the 
northernmost workings of the Ophir. This, in reality, indicates the northern 
limit of the productive lode. Continuing northward upon the slopes of Cedar 
Hill, there are indeed several claims in which the quartz is still developed, 
carrying small quantities of silver and gold, but so far nothing that can be 
called a bonanza has been found. The Sierra Nevada, in its uppermost levels, 
contains fragmentary masses of blocky quartz impregnated with native gold, 
closely resembling the California auriferous quartz. Directly west of it, and 
high upon the slope of Cedar Hill, gold recurs in the Sacramento mine, which 
perhaps is the Sierra Nevada sheet, although more probably it lies behind that 
body. Still further to the north of this, the Utah and Allen are unquestion- 
ably parts of the same lode, but in an economical sense have proved almost 
valueless; and their explorations are too limited to throw any additional light 
upon the mode of occurrence of vein-materials. 

From the Gould and Curry to the north line of the Central the quartz- 
bodies continue; but, instead of being charged with the characteristic silver 
ore, contain bonanzas of base metals; galena, blende, and iron pyrites predom- 
inating. The 600 feet lying directly north of the South Ophir mine was at 
one time the richest and most productive portion of the Comstock. This 
highly complicated region is well shown on Fig. 4, Atlas-Plate 12, which is a 
horizontal section upon the level of the Union Tunnel, 270 feet below the 
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datum-point, and extends from the Sides through the productive part of the 
Ophir. It will be seen that this chamber contracts at the north end of the 
Ophir; and if the walls retain their present direction for 200 feet further north 
they will come again into contact and form the north limit of the Ophir cham- 
ber. From the south, the west-wall syenite continues to about the middle of 
the Central Number 2 claim; from that point northward, the west wall is of 
propylite—a dense, heavy rock, containing an unusually large proportion of 
hornblende, and frequently much decomposed and interlaced by filaments of 
quartz. The east wall here, as everywhere, is of the normal porphyritic 
propylite. It is defined by a very heavy body of clay. Lying next this 
seam is a sheet of quartz, varying from 6 to 100 feet in thickness, known as 
the white vein. It was here, in the early days of Washoe mining, that the 
highly crushed quartz was first found, and, from its position, came to be called 
the Ophir quartz. In this, for 200 feet of longitudinal extent, occurred the 
great Ophir bonanzas. Lying west of the quartz, and defined from it by the 
usual sheet of clay, was a propylite horse, remarkable for its unusual thinness 
and its great length of 1,100 feet. It is rarely over 20 feet wide, although in 
the South Ophir it once reached 35 feet. This horse, from the Union Tunnel 
level, thins downward until it terminates in a mere clay vein, which, for a con- 
siderable distance, separates the white quartz from the red seam, which lies 
directly to the west of the horse, but, on descending, the clay ceases, and the 
two quartz-bodies lie side by side. Next west of the porphyry horse is what 
has been known as the red vein, or hard quartz. It has about the same thick- 
ness as the porphyry horse, and extends from 300 feet north of the north 
Mexican line into the Gould and Curry. It is hard, blocky, filled with crys- 
talline vugs, and differently charged with minerals from the white vein. West 
of this, and separated from it by another clay seam, lies the great Ophir horse, 
a mass of clear propylite, averaging 125 feet in thickness, and extending north- 
ward to the end of the chamber, and south into the Sides claim. This mass, 
of 1,100 feet in length, thins as it descends, meeting the west wall and cutting 
off the further continuance of the so-called Virginia vein, lying west of it. In 
the Ophir and Mexican a limited body of white quartz lies between the Vir- 
ginia vein and the great Ophir horse. It terminates on the Union Tunnel 
level, at about the southern line of the Ophir. This quartz contains some ore, 
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and resembles the sugary variety far more than that of the Virginia vein, which 
it touches. The latter mass is entirely barren, and possesses a fissile, almost 
schistose structure. Little or no silver occurred in it, and its barrenness was 
only occasionally varied by accidental specimens of gold. 

Upon Atlas-Plate 10 is a cross section through the Mexican mine, on the 
plane of that company’s shaft. The west wall here, of propylite, descends at 
an average eastern dip of 47°; the Virginia quartz sheet, 50 feet thick, follows 
it down to the seventh level, from thence narrowing to six feet on the tenth 
station. As usual, the east fissure presents toward the vein a conchoidal 
curve, joining the west quartz-body on the eighth station, 598 feet below the 
datum-point. In cross section the quartz which follows the east wall is of 
crescent shape, 40 feet wide on the fourth station, tapering to a mere blade at 
the surface and a narrow edge on the seventh station. This body was charged 
with the celebrated Ophir-Mexican bonanza. Eighty feet west, and lying 
quite concentric with this, is a second thin sheet of quartz, curving down and 
terminating on the west wall, a little above the seventh station. The main 
east vein was of the typical ore-channel quartz, the thin middle sheet red and 
blocky; while the heavy Virginia body, lining the west wall, was of fissile gray 
blocks. 

Fig. 1, Atlas-Plate 12, shows the Ophir-Mexican bonanzas. In the upper 
and north portion it will be seen that a nearly circular body lay concentric and 
to the west of the main deposit of ore, overlapping it a little toward the north. 
This western body, occupying the thin seam seen in the cross section, 
extended 300 feet from north to south, and 250 feet in depth. The outlines 
of the main eastern bonanza are very curious. From a width of 500 feet on 
the surface, it descended with a general triangular outline to 675 feet in depth, 
the northern boundary being more defined than the southern; the latter line 
recurves toward the center of the bonanza. Near the lower extremity a bar- 
ren portion occupied the middle of the deposit, extending from the Latrobe 
adit down to 30 feet below the eighth station. The bonanza gave out at a 
point indicated upon the cross section, and explorations were carried to a con- 
siderable distance below without resulting in any favorable developments. 
The company are now engaged in sinking a new shaft, several hundred feet to 
the east of their old works, and will soon attack the lode by very deep levels. 
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SECTION III. 


GENERAL STRUCTURE AND MODE OF OCCURRENCE OF THE COMSTOCK 
LODE. 


Fissures.—We have now completed a sufficiently detailed examination of 
the interior structure of the lode to convey to the reader a fair idea of its mate- 
rials and their mode of arrangement. The minutize of description might have 
been multiplied to an indefinite extent, each separate mining-claim furnishing 
ample detail for an independent treatise; but, in order to compress this account 
within as narrow limits as possible, the majority of the minor details have been 
omitted. Itis proposed now to review in a general way the interior conditions 
of the lode, assembling the notes in a somewhat systematic manner. In prep- 
aration for this, the reader is recommended to make careful examination of 
the Atlas-Plates from 2 to 12. 

First will be considered the system of fissures. In the Gold Hill part 
of the lode there are three distinct lines of dislocation, which define the lead- 
ing outlines of the lode. They are, first, the two crevices which diverge from 
a common surface-line and project downward through the propylite ; and, lastly, 
the third fissure which, after indistinctly traversing the disturbed and altered 
west country-rock, advances eastward in a nearly horizontal position, cutting 
off and terminating the westernmost of the two diverging fissures, then, 
continuing still further eastward, gradually bends to a steep pitch, and in 
depth communicates with the eastern fissure. Below 1,200 feet, then, the 
Gold Hill division will be but a single steeply-inclined vein. These three 
fissures are never planes, but present toward the lode a series of undulating 
convexities. As a group. tney trend with a certain general parallelism, 
occasionally converging toward each other, and in the case of the Gold Hill 
mines bending westward concentrically around Gold Ravine. ‘The most 
southern direction of the group of fissures is north 28° east. After continu- 
ing this course, to the northern part of the Yellow Jacket claim, they sharply 
recurve round the cation and continue to the Bullion, with a direction slightly 
west of the magnetic meridian. 

From the Bullion to the point of greatest amplitude of the Virginia 
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chamber they trend north 28° east, or parallel to the south Gold Hill trend. 
From this point they stretch northward into the Consolidated ground, converg- 
ing trom a wide separation in the Savage, the general axis of the lode making 
a course of north 20° west. In the Virginia division, instead of the simple 
arrangement already noticed in that of Gold Hill, there are introduced two 
new features. First, the wide divergence of the walls, forming an elliptical 
chamber, whose longer axis is 3,000 feet by a short axis of 800 feet. Secondly, 
instead of one eastern fissure, marking the position of the ore-channel, is 
a series of four and sometimes five concentric east fissures, which separate the 
region of the ore-channel into numerous communicating veins. The west or 
contact fissure, continuing downward at a regular and uniform angle, is in 
depth joined by the fissures of the ore-channel from its two extremes, nearly 
to the middle of the chamber. At the farthest eastern amplitude these 
fissures, instead of shutting down into contact with the west-wall syenite, as 
they have done in the north and south portions of the opening, break off more 
and more to the eastward, curving gradually into approximate parallelism with 
the west wall. Additional fissures constantly make their appearance in the 
middle deepest point occupied by the Hale and Norcross mine, the ore and 
quartz retaining their normal relation to the east fissures. There is little 
doubt that the South Savage and Hale and Norcross mines are working down 
into a deep chimney or vent, through which have ascended the vein-materials 
and their metallic contents. 'They have passed what may be called the bottom 
of the gash, and were fortunate to find themselves located on the plane of the 
true deep-seated fissure. Where a series of vertical gashes penetrates 
through the overlying material to an inclined fissure, it would be strange 
if there were not several vents connecting with the deep-seated crevice. 
There are not wanting strong indications that the Hale and Norcross is now 
developing one of these chimneys, and the prospects of continued ore-product 
are quite flattering. 

North of the elliptical chamber the conditions are for the third time 
novel. The west inclined fissure maintains its course, with a gently undulat- 
ing surface, as far north as explorations have been pushed. The east ore- 
channel curves again to the east, embracing two more chambers of far less 
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importance and lateral extent than that of Virginia. ‘The wedge-shaped 
surface expansion of the lode is in this region gashed down in a series of 
parallel fissures, dividing its material into thin vertical plates, separated from 
each other by immense developments of clay, and several quartz veins of 
remarkable continuity. North of the Ophir contraction the same parallel 
system opens up to the northward, and, in the region of the Sierra Nevada 
and Sacramento, prominent plates of quartz traverse the front of Cedar Hill, 
and penetrate downward as deeply as the excavations have gone. The pecu- 
liarities of the parallel plates of quartz and horse material in the Ophir 
Consolidated chamber are, first, their extreme thinness, and, secondly, their 
habit of curving sharply to the east and west, producing in the horizontal 
section a wrinkled and twisted outline. 

That part of the lode in which the fissures are best understood is the 
Virginia division, where the solid front of syenite forms the western wall. To 
the south of this the west wall is still somewhat problematical, although the 
prominent clay-vein, which has been considered as limiting the lode in a 
westerly direction, is in all probability a true wall. North of the syenite the 
wall of propylite is a mere continuation of the syenite conditions, both of 
inclination and undulation of surface. From the position and relation of rocks, 
and the fact that the west walls north and south of Mount Davidson are, in all 
larger characteristics, simply repetitions of the syenite form, it is believed that 
this mass of Mount Davidson has been the most powerful agent in determining 
the position and character of the Comstock lode. When the mountain chain 
was subjected to a series of longitudinal strains, which resulted in the system 
of andesite dikes, it was natural that this rigid mountain spur should oppose 
an immense resistance to the dislocating force, and no place offers such condi- 
tions of easy fracture as the contact plane, between the ancient and deeply- 
bedded formations, and those later and less coherent eruptive rocks which 
have been superimposed upon their bases. Accordingly along this important 
junction occurs the relics of a dike of andesite, which seems to have been the 
first foreign substance to invade the contact plane and start the system of 
intruded materials, which has finally resulted in the Comstock lode. The 
general mode of occurrence of andesite, noticed in this district, proves conclu- 
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sively that the period of their outpouring was not a single eruption, but that 
they were ejected through a considerable period, successive flows overpouring 
the cooled and solidified products of the first eruption. 

The west fissure is regarded as a rupture of the crust, caused by the 
earlier andesite disturbances, and to have been projected north and south, 
chiefly governed in position and inclination by the strain which the heavy 
syenite mass induced. Contemporaneously with this, or at all events with the 
earlier andesite fractures, has occurred the series of steeply-curved fractures, 
forming the connected ore-channel and east wall. 

Throughout Gold Hill the east and west walls approach each other, until 
the vein in depth becomes a simple single mass of vein-material, included 
between two walls. In this section there are no grounds for predicating 
either a giving out or a permanent disappearancé of the vein. It differs in no 
important particulars from others, which have continued indefinitely down- 
ward, and whose structural lines are supposed to penetrate the solid crust of 
the earth to immense depths. In the middle, or Virginia section, the relation 
of the east and west fissures is such that only the most central portions 
can continue to a great depth, since the eastern or steeper crevice terminates 
evidently against the western wall. Explorations have proven that for several 
hundred feet at least the vein is wanting, and there are no strong indications 
of its ever reappearing. It is left for the central point, occupied by the Savage 
and Hale and Norcross mines, to prove by further explorations whether the 
quartz-body in their lowest levels is indeed the top of a deep-seated chimney, 
or whether, like the other mines in this group, they are approaching the 
termination of their vem. Two strong reasons point to the conclusion that 
they have reached the deep vein. First, the series of fissures, instead of 
shutting sharply down upon the syenite, has gradually broken and curved into 
approximate parallelism with the west wall. Secondly, it is difficult to con- 
ceive how such enormous masses of mineralized quartz could have entered 
the upper fissures except from some deep-seated source, and taking this for 
granted, there is left no other point of connection with the subterranean 
laboratory. In the northern region explorations have not penetrated deeply 
enough to afford the data for a well-grounded opinion, as to the probable 
_ nature of the fissures in depth. But it may be said that no conditions are 
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known which would firmly preclude a belief in the continuance of both 
quartz and ore in depth. Only extended search, however, can determine the 
points where the wedge closes and where the deep-seated vein exists. The 
example of the Virginia chamber is remarkable, in that it affords an immense 
longitudinal expansion of vein-material and almost unprecedented distribution 
of bonanzas, with only the single, narrow, downward connection which we find 
now in the Hale and Norcross mine. It is possible, therefore, that the Ophir 
Consolidated chamber may likewise terminate downward in a single chimney, 
through which have arisen the varied solfataric products. 

Horses.—Between the fissures whose position and relation have now been 
indicated lie the series of included fragments of country-rock, or horses, with 
which the reader is made somewhat familiar by a detailed study of sections. 
In the Gold Hill division of the lode there is but one main body of this char- 
acter within the lode. That mass of white quartzose propylite known as the 
Hawk-eye horse, is in reality a portion of the country-rock, or rather, to speak 
more correctly, is an intruded mass which lies between the lode and its west 
wall, lined on either side with selvages of clay, so that it may be, by a stretch 
of meaning, considered either as a horse or as a part of the west country-rock. 

North of the Middle Belcher, however, and continuing from that point to 
the north line of the Empire claim, is a single included mass of propylite, 
which has been fractured from the east wall, and occupies the whole middle 
ground of the vein. Its general shape, like most of the other horses, 
is that of a long wedge, with its point turned downward toward the intersec- 
tion of the east and west clays. It is 2,500 feet from north to south, with a 
transverse expansion on the 400-foot level of about 400 feet, and descending 
to a probable average depth of 1,300 feet. Although a single general mass, 
and well defined by prominent walls of clay, it is nevertheless greatly subdi- 
vided both by immense conchoidal fractures and by a system of lesser fissures 
which interlace it in every possible direction, cutting it up into blocks. 

In the north part of the Bullion claim the single vein of quartz, which 
occupies nearly the entire breadth of the lode, opens toward the east, and 
leaves room between its mass and the syenite for two limited horses which 
have fallen in from the west country. With the exception of certain indistinct 
bodies in the Gould and Curry, these are the only well-defined syenite masses 
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included within the lode. Like the propylite horses, they are subdivided by 
a net-work of unimportant fissures, and rendered somewhat plastic by the 
ordinary solfataric action; but they have not arrived at the same state of 
chemical decomposition which characterizes the rest of the interior of the 
lode, nor do they show anything like the tendency to become metamorphosed 
into clay, which is everywhere to be noticed in connection with the propylite 
alterations. They are limited in size, as will be seen on Atlas-Plate 11, 
and it is a very notable fact that they lie to the west of the andesite dike, 
which shows them to be more properly portions of the west country, segre- 
gated from the main rock by a simple sheet of clay; however, the west clay 
so evidently surrounds them that they can but be considered as true horses. 

In the Potosi the immense quartz-body, which, south of the plane of the 
old Potosi shaft, uninterruptedly fills the fissure, branches as it extends north- 
ward, and includes two considerable masses of propylite. The longitudinal 
dimensions of the westernmost are 700 feet, with a transverse width of 280 
feet on the surface, and a greatest depth of 210 feet. North of this point the 
great Virginia chamber is filled from the region of the ore-channel to the west 
wall by a mass of propylite 800 feet across. This great horse terminates on 
the north in the Gould and Curry, being cut out by the east quartz, which 
swings across the lode and unites itself to the west wall. The bottom of this 
horse is not yet reached; for at the lowest works of the Savage and Hale and 
Norcross mines there is still a considerable distance from the east quartz to 
the west wall. As was shown when studying the details of this region, the 
ore-channel, instead of being a single sheet of quartz, as is the case in the 
Ophir and Gold Hill groups, here occupies a complicated zone of fissures, 
and the masses of quartz and sheets of clay subdivide the propylite materials 
of this zone into a group of horses, whose minute details of form can only be 
understood by closely examining the sections. 

From the north point of the Gould and Curry through the Consolidated 
claim, and even beyond the northernmost workings of the Ophir, the quartz 
walls are separated by two remarkable horses. The longitudinal extent of 
these masses is about 1,500 feet. The eastern one, which separates the Ophir 
quartz from the red body, has an average breadth of 50 feet, and penetrates 
into the lode from the surface to a depth of 580 feet; the western, or great 
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Ophir horse, more than three times the thickness of this, extends along the 
west side of the red vein for 1,500 feet, and descends to a depth of 460 feet 
beside the Virginia quartz. 

More than nine-tenths of all this horse material is of propylite, consisting 
simply of immense slices cut off from the overlying country, and separated 
from each other by parallel, longitudinal fissures. The great horses are shat- 
tered through and through, but even in the lesser lines which subdivide them 
may be traced, first, a general parallelism with the trend of the lode; and, 
secondly, a tendency to break concentrically with the curves of the east wall. 
The lesser of these horses rest frequently throughout their whole length in 
quartz, but the larger ones invariably touch the west wall at one or two points, 
and are sustained from falling laterally, by contact with each other and by 
the solid walls. 

The fissure and horses together, for the one isa complement of the other, 
-give a complete idea of the larger dynamical results. These long, thin wedges 
have slid down on one another, and, crowding together, touch with their 
lower edge the west wall. In this tremendous dislocation have been opened 
seams and chambers, of which the larger have been filled with quartz and 
the lesser densely packed with clay. Beside these larger horses no consid- 
erable chamber of the vein is without its freight of small fragments. The 
west quartz contains throughout its whole extent angular masses of syenite 
and propylite, varying from the size of a hen’s egg to a foot and more in 
diameter. In these fragments there is not the least sign of decomposition. 
The feldspars and hornblendes are perfectly preserved, the edges sharp as if 
recently fractured, and every appearance compels the belief that they are quite 
unaltered. ‘This is the more remarkable, since they are found in a material 
whose very existence in a fissure is proof of an aqueous if not solfataric origin. 
These included fragments are usually the starting places of quartz crystalliza- 
tions. ‘They lie chiefly in the upper 300 feet of quartz, gradually diminishing 
in frequency in depth. In the larger fissures toward the east, both those 
which are filled with quartz and such as are chiefly lined with clay, may be 
found immense numbers of small propylite fragments. Where quartz-bodies 
in depth approach the contact of the two walls, or, in other words, as they 


begin to thin toward their own termination, the quartz becomes more and 
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more intermingled with these minute fragments of propylite, until they finally 
occupy the entire zone, and in their turn give place to the clays. 

Crays.—The clays, so constant an accompaniment of all lines of dislocation 
throughout the lode, are formed, as will hereafter be seen, from the decom- 
position of propylite rock. ‘Those clays, lying upon the syenite front of Mount 
Davidson, are far more the result of propylite decomposition than of the sye- 
nite. Syenite itself produces but little clay; and wherever a sheet lies 
between two masses of that rock it is of extreme thinness, and of a dark, 
earthy nature, possessing none of the remarkable chemical and physical prop- 
erties of the other Comstock clay. Lying along the entire east wall is a con- 
tinuous sheet of at least 20,000 feet in length; the average thickness may be 
safely estimated at two feet. Wherever the wall presents to the west a very 
sharp conchoidal curve, and, in general, wherever abrupt turns are made, the 
clay thickens to a great extent. Such notable examples as that in the Con- 
solidated shaft, the Empire section, the point, shown on Atlas-Plate 11, on the 
east wall of the Savage, and the breadth described in the Palmer shaft of the 
Ophir, are its extremes of thickness; but many places occur where it attains 
a width of eight and ten feet. ‘The interior structures of these thick, pasty 
bodies vary curiously with their position; those which accompany sharp turns 
are ordinarily subdivided into flakes, while the straighter sheets are cleavable 
into parallel plates. ‘The characteristic of the east clay is the pebbles of 
smoothly-rolled quartz which it contains. No one of these pebbles, so far as 
examined, and observations have been made from the Ophir to the Crown 
Point, ever contains a particle of silver. The west clay, equally continuous 
with the east, is less dense, thinner, never charged with rolled pebbles, and 
lacks the remarkable property of expansion which the east and interior clays 
possess. 

Whoever undertakes to study the interior systems of clay sheets which 
intersect the horse materials, will find that their continuity is almost impossi- 
ble to trace out. After continuing in a given direction for several hundred 
feet, they will break sharply off at an angle and fault to the right or left, losing 
themselves in interminable zigzags through the horses. There is no unravel- 
ing the relation of this network of veins; and upon the diagrams the writer 
has been careful to have recorded only those sheets whose continuity has been 
identified beyond a doubt. 
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Quartz.—A third, and by far the most important, series of vein-materials 
are the bodies of quartz which everywhere throughout the lode fill the larger 
openings. In Gold Hill a single but imperfectly known quartz fills the lode 
from the southernmost workings up to the Middle Belcher. From this point 
to the northern limits of the Gold Hill group the two bodies diverge from the 
surface and fill those fissures already described. North of Gold Hill, through 
the Alpha and Bullion, there is again but one vein which, in the Chollar, 
widens to the northward and finally splits into three forks, separating and 
inclosing the two great propylite horses, and finally curving to the west, 
gradually converging and terminating upon the syenite. Following the zone 
of eastern fissures are several masses of quarts, arranged concentrically within 
the east wall. As in the Chollar, this mass, after thickening rapidly toward 
the north, diverges and again includes two horses, and following still further 
the Chollar example, its two spurs bend across the lode and terminate 
upon the west wall of the Gould and Curry. North of this point are three 
veins of quartz, which make their appearance successively further to the west 
and north. ‘The easternmost of these is an immense sheet, rarely less than a 
hundred feet wide, continuing along the east wall to the northern limits of the 
Ophir. The next is a red body, which extends from the Gould and Curry, also 
through the Ophir, lymg between two horses of propylite. The third, or 
Virginia vein, as it was called in early days, outeropped back of the Consoli- 
dated claim and extended indefinitely northward, not improbably connecting 
with the Sacramento works upon Cedar Hill. Like the horses these masses 
vary from a few hundred to 2,000 feet in length. 

The quartz differs in different positions, both in the degree to which 
it has been subjected to dynamical forces, and in the modifications it has 
undergone by chemical action. Those sheets which lie either in contact with, 
or in close proximity to, the west wall are of a larger crystalline texture and 
more sparry luster, and have a greater tendency to crystallize round open vugs, 
and a generally harder character than those bodies which accompany the ore- 
channel. ‘These differences, together with the frequent occurrence of included 
angular fragments of country-rock, chiefly mark the upper levels of the west 
portions of the lode. As the west bodies descend they approach more and 
more those of the ore-channel, and from their close proximity have shared the 
same conditions, so that toward the bottom of the wedge-like expansion of the 


THE COMSTOCK LODE. 73 


lode, the east and west bodies are very nearly alike. The sheets connected 
with the ore-channel are far more finely crushed than the western bodies, are 
rarely reddened to a considerable depth, and, even in their finer mineralogical 
features, preserve throughout the entire length of the lode a remarkable 
uniformity. 

The quartz is of a milky-white tint, of a somewhat pearly luster, and of 
unusually compact, fine-grained texture. From the surface to the deepest 
levels these bodies have been more or less disintegrated. The crushing force 
has in places reduced them to a powder, equal in fineness to commercial salt, 
and it is rarely ever the case that the fragments exceed a foot in diameter, 
while those of the west vein, especially where they approach the surface, are 
in the form of large angular blocks, in some instances solid for a hundred 
feet together. Prominent instances of the solid west masses are the Eldo- 
rado outcrop of the Gould and Curry, and the Virginia vein, situated in the 
Ophir group. This latter has a thickness of a hundred feet and a longitudinal 
extent of over a thousand feet of compact, solid rock. In Gold Hill both 
divisions, since they belong equally to the ore-channel, are crushed very nearly 
alike, yet the same tendency to finer powdering is observable in the eastern 
body. Beside this general structure, characterizing all, each vein has within 
its limits more or less changes. ‘The common arrangement is in zones, 
which continue throughout the entire length of the sheet. Nearly all the 
great ore-bearing bodies are in the form of parallel layers of crushed quartz, 
rarely ever separated from each other by any strong line of demarcation, but 
still so characteristically defined as to be traceable by the eye. A prominent 
example of this zonal arrangement has already been given in the notes on the 
Belcher mine. Here is, in fact, a single body of quartz, 61 feet in thickness, 
composed of five layers, which, both physically and mineralogically, differ from 
each other. Not only are the sizes of the fragments different in different 
zones, but the deposition of ore has been confined to one. Another is tinted 
smoke-color by minute quantities of silicate of iron; a third is a mere seam 
of quartz pebbles; a fourth is composed of large, irregular blocks; a fifth, an 
almost equal mixture of clay fragments and bits of propylite country-rock. 
Another interesting example occurred in the great ore-bearing chamber of the 


Gould and Curry. Here the easternmost zone of the body was _ highly 
10 
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crushed, very richly charged with silver ores, and very easy to mine. After 
this had been stoped out for a considerable extent, it was found that the next 
zone, which lay in immediate contact with it, was composed of large blocks 
showing no ore upon their outside, but extremely rich in the interior. 
These fragments, often weighing half a ton, showed not the slightest trace of 
silver minerals for the first two or three inches from the surface, but the entire 
middle was one densely-charged mass of rich ore. Lying west of this again 
was a third and less valuable zone, which, during the earlier years, was left 
untouched, but which, in the later condition of labor, and the increasing 
scarcity of ore-deposits, was again looked into, and proved to be a valuable 
addition to the stoping ground. , 

The eastern face of the ore-channel quartz is always more or less inter- 
mingled with clay. Fragments of quartz may be found embedded a foot deep 
in the east clay, and masses of clay at an equal distance within the quartz. 
It is interesting to observe that with all this well-marked longitudinal 
arrangement there is not the slightest trace of the ordinary comb-structure 
so characteristic of many fissure veins. It is almost never the case that the 
zones group themselves in pairs, with the same relations to the opposite walls, 
which may be seen in the Freiberg veins. 

A careful examination of these bodies induces the belief that the fissures 
were all filled at one time with uniform masses of quartz, and that the parallel 
arrangement has been afterward given them by the combined chemical and 
dynamical action to which they have been exposed. There is not a particle 
of evidence that the quartz and ore were successively deposited in layers upon 
the fissure walls from lateral secretion iz situ. The quantitative relations of 
the quartz to the surrounding horse and wall-material, together with the 
analyses which are given further on in this section, preclude any such idea. It 
is evident that the fissures were filled with quartz from some deep-seated 
source, and that the masses when formed have been afterward subjected to 
dynamical action sufficient to crush them into minute fragments, without in 
any case faulting them. The writer believes that to the disturbance 
which gave vent to the andesite eruptions must be attributed the origin 
of the Comstock lode, and, in consequence, we have ample subsequent moye- 


ment to account for any interior dislocation and dynamical action that has been 
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observed. The epochs of trachytic and basaltic eruption are in themselves 
quite enough to account for the movements which have crushed the Comstock 
quartz-bodies. Ao open a fissure of sufficient width to permit the immense 
volumes of trachyte-lava, which lie east of the vein, to outflow, would 
probably communicate sufficient pressure to the Comstock itself to produce all 
the effects of fracture and grinding which are shown by the fragmentary 
condition of the quartz, and the manner in which the east wall-material 
is crowded in among those fragments. The fact that the quartz is arranged 
in zones, which are parallel to the direction of the lode, and that the main 
fissure-lines traversing the horses are also parallel, shows a coincidence of 
direction in all the disturbing forces of the neighborhood. Such movements 
will indeed only account for the degrees of fineness into which the various 
zones of a given body are crushed. For the varied conditions of color and 
mineralization we must look to the varieties of chemical activity which sub- 
sequently occupied the vein. Quartz forms the only ore-gangue in the whole 
Comstock. 

Minerats.—The catalogue of Comstock minerals, both those which com- 
bine to form the silver bonanzas, and those unimportant accompanying species, 
is remarkably meager. ‘Those of value are native gold, native silver, argentite, 
(silver glance) polybasite, and stephanite, with some very rich galena and occa- 
sional specimens of pyrargyrite. Besides these, occur in the quartz, iron pyrites, 
- copper pyrites, oxide of iron, manganese, sulphates of lime and magnesia, and 
carbonates of magnesia, lime, lead, and copper. The line of oxidation, or 
rather of those minerals in the form of oxides, is confined to the upper 500 
feet of the lode. Here a large proportion of the iron pyrites, and all of the 
carbonates of lead and manganese, are changed into the oxides of those metals 
which produce the prevailing red hue. A zone of manganese oxide occupies 
the entire length of the lode from the outcrop 200 feet down. Below this, 
there is only a very small percentage of manganese, which is found in two 
forms, as the carbonates on the second level of the Savage, and in the general 
mass of the silver ore, probably as a part of the polybasite. It is difficult to 
assign the true lower limits of the “Colorado” or “Iron Hat.” The quartz is 
reddened and the iron minerals more or less oxidized to a depth of 500 feet, 
but it is probable that the lower 100 feet are chiefly colored by the percolation 
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of surface waters. Just beneath the line of the “Colorado” is, at several points, 
a marked tendency to form concentric masses. This is especially the case in 
the Savage, where the quartz seems to have remained in a viscous condition, 
and to have been deposited again and again, long after the rest of the bodies 
had become solidified. 

Bonanzas AND Ore.—The special arrangement of bonanzas throughout 
the lode has already been made familiar to the reader by describing the various 
sections in detail. It remains now to make a general re-survey of the ore-bodies. 
In conformity with the general chimney-openings of the lode, they group them- 
selves in three well-marked families; those of Gold Hill, Virginia, and Ophir. 
The three together have produced the immense aggregate of $100,000,000. Of 
this total, the Ophir group has produced about $7,500,000, and at the present 
writing the Gold Hill and Virginia groups are nearly equal. It is probable 
that the Virginia group has produced about $48,000,000, while the Gold 
Hill cannot rise greatly above $42,000,000. Within a year or two the differ- 
ence will probably be turned in favor of Gold Hill. Further on, ina detailed 
account of production in the chapters by Mr. Hague, will be found an analyzed 
statement of the total product of the principal mining companies. The figures 
stated will include such returns as are authenticated beyond a doubt, and such 
as bear the official stamp of accuracy. Beside the actual bonanza account of 
each company, considerable sums have leaked out in the form of mill clean- 
ings and battery scrapings. ‘T'o reach the total, several millions have to be 
added to the official returns. 

In the brief space of nine years the Comstock lode has furnished at the 
rate of nearly $11,000,000 per annum. This entire sum has come from the 
limited areas of the bonanzas. It is only in the latest periods, generally since 
1868, that the extra-bonanza ore has been touched. 

Turning now to Atlas-Plates 6 and 7, the reader will perceive that not 
more than twenty-five per cent. of the actual face of the lode has been occupied 
by argentiferous bodies. In the general sum of vein-material, of course, they 
have constituted a still smaller percentage. It is safe to say that not more 
than ;35 of the lode-materials have been charged with silver to a work- 
able percentage. The upper 600 feet has furnished seven-tenths of the 
entire silver product. Plate 6 shows the Gold Hill bonanzas. The group 


THE COMSTOCK LODE. rhy'4 


of six small stopes in the Overman are so closely arranged, and the intervals 
between them so nearly up to the working tenure of silver, that they may be 
safely called one bonanza. The Belcher and Crown Point west, and the thin 
sheet which traverses the Gold Hill quartz, belong, as has been seen, to the 
west sheet. The others occupy the east vein and arrange themselves on a 
middle zone along the east wall, with their greatest developments tangent to 
its conchoidal curve. This family of bonanzas expands from a central point 
in the bottom of the Yellow Jacket south mine, and distributes its bodies in 
a fan-shape through the quartz. ‘Those bonanzas which rise to the south are 
less richly charged, smaller in area, thinner, and less definitely bounded than 
the northern bodies. These latter, especially the immense Gold Hill bonan- 
zas, are very thick, very richly charged, and bounded by a sudden change in 
the quality of the quartz, and a sudden giving out of the tenure of the ore. 
It is interesting to observe that all the lines of motion which are traceable, 
either in the fluting of the east wall or in the striations upon clay surfaces, 
indicate a movement in the direction of the north bodies; and further, 
wherever a second deposit of quartz has been formed, it has evidently fol- 
lowed the general axis of the northern bonanzas, ascending from the bottom 
of the Yellow Jacket toward the northern Gold Hill claims, at an angle of 
45°. These secondary deposits of quartz are visible in the filmy coat- 
ings of silica deposited upon the southern and lower sides of quartz blocks, 
and especially of quartz crystals. Wherever the gangue has formed vugs, or 
considerable masses of crystals, they are coated on their lower and southern 
sides with a crystalline deposit of silica. The largest single bonanza in the 
whole lode is that of Gold Hill. Its longer axis is horizontal, occupying the 
eastern quartz for a longitudinal expansion of 1,100 feet, descending from 
the surface to the 700-foot level. The Virginia chimney next north of this 
contains almost an exact repetition of this arrangement of bonanzas. When 
Baron Richthofen wrote his admirable paper on the Comstock lode, he gave 
it as his opinion that the mode of occurrence of ore differed in these two 
chambers ; that while the quartz of Virginia gathered its ore in segregated 
bodies, that of Gold Hill contained it uniformly distributed in sheets of great 
length. But subsequent developments have demonstrated the incorrectness 
of thisidea. The great Gold Hill bonanza, which gave rise to this hypothesis, 
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suddenly terminated on the south and gave out in depth, proving itself to be 
a typical bonanza, and not by any means a sheet of indefinite continuance. 

From the central point of the Virginia chamber, occupied by the Hale 
and Norcross and South Savage, there rises a diverging series of bonanzas, 
arranging themselves in the same fan-like form, and reproducing, in most 
remarkable parallelism, the main features of the Gold Hill group. To the 
south are three bodies lying successively higher and further west. Of these 
the most southern was of the least value, while they constantly increased 
in size and in tenure of silver in proportion as they approached the point of 
divergence. 

As the bonanzas rise to the north they lap one upon another, forming 
almost a continuous ore-body from the bottom of the Savage to the out- 
cropping of the Gould and Curry. From this northern half of the fan has 
been mined in the neighborhood of $26,000,000. From the Gould and Curry 
claim alone, which occupies, as will be seen, only the upper 400 feet of the 
system, were taken $15,000,000. As in the case of the Gold Hill, nearly 
two-thirds of the wealth of the chamber has been derived from the northern 
half of the bonanza group. And here again all the structural evidences of 
the lode point to the fact that the most powerful currents were thrown in that 
direction. Not only have strong chemical currents followed the northern rise, 
but, subsequently to the deposition of the ore, the greater dynamical effects 
have also been concentrated in the northern half. 

The third chamber in the lode begins properly in the north part of the 
Gould and Curry claim, extending from that point to the North Ophir. Those 
bonanzas which occupied its southern portion, in the Consolidated and Cali- 
fornia mines, were characterized by a small percentage of silver and a very 
unusually large proportion of base metals, prominent among which were galena, 
blende, and copper pyrites. ‘The Ophir-Mexican body is the only true silver 
bonanza in this group, and, singularly enough, it occupies a totally different 
quartz body from the base metal group. The latter is found in the red 
quartz, which, in the Ophir, was seen to separate two propylite horses, 
while the former is inclosed in the white ore-channel quartz, occupying its 
normal position near the east wall. The bonanza itself seems to be a minia- 
ture development of the fan-like system. Its general form is a triangle with 
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one point turned downward, and throughout its whole extent barren portions 
interrupted the continuity of the silver ore, very much as the non-metal- 
bearing quartz lay between the bonanzas of the fan systems. The product 
of this body, $7,500,000, was mined at an immense profit, owing to the 
extreme concentration of rich ores and their nearness to the surface. The 
back, or eastern, ore-body was never over six feet thick, and overlapped to 
the north its larger neighbor. Repeating again the law of the other groups, 
the richest portions were at the north and near the surface. 

Quartz forms the only gangue in the Comstock lode. Those small masses 
of carbonate of lime which occur, intermingled with quartz, in the Gold Hill 
and Hale and Norcross lower levels, are rather to be considered an included 
mineral of accidental occurrence than as a true gangue. With the exception 
of small quantities of silver minerals contained in the clay sheets, where they 
are placed in close contact with the bonanza, the whole silver-tenure of the 
lode is contained in the bodies of quartz. The ore itself is composed of 
native gold, native silver, silver glance, stephanite, polybasite, rich galena, 
occasional pyrargyrite, horn silver, and, with extreme rarity, sternbergite. 
Intimately associated with these, occur iron and copper pyrites and zinc 
blende. Of these, pyrargyrite and horn silver are rarities; polybasite and 
sternbergite, in recognizable crystals, occupy a few scattered localities; steph- 
anite, in defined crystallizations, has been found in nearly every bonanza, but 
the main body of the ore is a confused semi-crystallized association of native 
gold and silver, vitreous silver ore, rich galena, copper and iron pyrites, and 
zinc blende. The following two analyses, made at the Sheffield Chemical 
Laboratory of Yale College, are by Mr. W. G. Mixter, an assistant of that 
establishment, and Mr. Arnold Hague of this corps. They are of samples 
from the Savage and Kentuck lower workings of 1869: 
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Analyses of Comstock Ores. 
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100.38 99.48 


W. G. Mixter. A. Hague. 


The following five analyses are from the report of R. H. Stretch, State 
Mineralogist of Nevada. Although less completely carried out than the others, 
they are interesting, since all the specimens were taken from levels which 
represent middle depths. 


Table of Analyses of Comstock Ores. 
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Tn general the ore within the limits of bonanzas is pretty uniformly dis- 
seminated through the quartz. It is only rarely that large, solid accumulations 
occur. The silver minerals ordinarily lie in masses about the size of a hen’s 
egg. In the central portions of bonanzas there is usually a somewhat denser 
arrangement of ore; and, in their relations to the bonanza systems, the 
northern halves of the two groups are the richer, and the charging is more 
and more dense toward the surface. It is evident, from the manner in which 
the ore itself is broken and dislocated, that the dynamical action which pow- 
dered the quartz occurred after it was charged with ore. 

‘There is every reason to suppose, from the manner in which the ore 
minerals intersect the quartz, that they were deposited while the latter was 
still plastic. Since the period of crushing, additional charges of quartz and 
ore have been introduced into the fissure to a small extent. In a few cases, 
as in the 800-foot level of the Yellow Jacket mine, broken fragments of 
quartz, themselves containing ore, have been re-cemented by sheets of steph- 
anite which have penetrated the cracks, and over the stephanite a secondary 
growth of quartz crystals has taken place, and these quartz crystals themselves 
are again coated with a fine varnish of silica. ‘The carbonate of lime which 
is found in the lower works of Gold Hill and Hale and Norcross, but more 
especially in the former, has crystallized in the cavities of the quartz, and in 
some instances has been subsequently coated with a film of quartz and then 
dissolved out, leaving skeleton crystals built up of thin films of silica. In the 
Middle Savage mine, in the region of the second station, for a considerable 
time quartz and ore alternated in deposition. There is a limited region where 
the ore and quartz form alternate concentric layers. Outside of the most 
recent layer of ore, in rare instances, has been formed a plating, about half an 
inch thick, of carbonate of manganese, which in its turn was again covered 
with a thin layer of silica. 

The ores of Gold Hill and Virginia are very similar in their mode of 
arrangement and general mineralogical composition. Stephanite occurs much 
more sparingly in the Virginia mines than in Gold Hill. In all the ore 
that has been worked the average proportion of gold remains very nearly the 
same. In the uppermost works of the Belcher, in the upper levels of the 
Gold Hill group, and in the very highest portions of the Gould and Curry 
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bonanza, there was perhaps a slight increase over the present proportionate 
yield of gold. In a part of the Bullion, however, and in the Virginia vein 
back of the Ophir, and in the Sacramento, gold largely predominates. The 
metal produced from these mines averages nine dollars to the ounce. With 
these unimportant exceptions, the average proportion of gold is about thirty 
per cent. of the whole value. Hight-tenths of all the bonanzas have occurred 
in the ore-channel, or in fissures joining it and belonging to its system. 
Within this zone there has been a general tendency to accumulate where the 
convex face of the east wall invades the lode, as at Gold Hill, Gould and 
Curry, and the Ophir. The chief developments have been within 600 feet of 
the surface. The mineralogical characters of the ore vary very little from the 
surface to the lowest depths, except that above 400 feet the “Colorados” have 
reddened the veins, and oxide of iron ina measure replaces the sulphide of 
that metal. 

Accidental minerals are horn silver, which in rare small crystals occurred 
in the cutcrop of the Gold Hill group; and native copper, the latter in con- 
nection with native gold and silver; and green carbonate of copper, in an 
earthy, clay-like mass, occurred in the upper works of the Gould and Curry. 
Native copper also, in minute but well defined crystals, is found in the clays 
of the Sierra Nevada. This is interesting, since directly above it in the earlier 
works an unusual predominance of copper pyrites was found. At a depth of 
about 500 to 700 feet, in various parts of the lode, the ore not unfrequently 
assumes a greenish hue, given it by an admixture of chlorite. On the 325- 
foot level of the Chollar-Potosi, north of the Potosi shaft, this first made its 
appearance, It has occurred largely in the Hale and Norcross, and now in 
the 900-foot level of the Yellow Jacket is quite frequent. Together with the 
chlorite is chloride of silver in thin scales. Perhaps the greatest variety of 
unusual forms of the ore was found in the Ophir. In the back-stope of that 
mine, in the midst of a very rich deposit, occurred considerable masses of 
antimonial ore, and a singular association of rich galena and native silver. 
Near the lower limits of the front body were unusual accumulations of zinc- 
blende, which in depth associated itself more and more with galena and 
copper pyrites, and finally gave out at the bottom of the bonanza, the quartz 
there being stained with carbonates and a sulphate of copper, and the waters 


THE COMSTOCK LODE. 83 


charged with sulphates of copper and magnesia. Pyromorphite also occurred 
in the Middle Ophir. The powdered eastern quartz-mass was often held 
together by thick accumulations of ore, which were traversed in every direc- 
tion by wires of native silver; especially was this the case in the upper levels 
of the Mexican. The arrangement of the minerals in the north part of the 
Ophir bonanza was very interesting. From the surface down to 60 feet below 
the Walsh tunnel, the galena, copper, and iron pyrites, with a little blende, 
predominated. From that poimt down to the great curve of the east wall, 
rich masses of the ordinary Comstock silver ore gave an immense value 
to the quartz. Thence to the bottom iron pyrites and blende gradually 
replaced the silver ore.’ In the Ophir bonanzas, more malleable sulphide 
of silver occurred than anywhere else in the Comstock. It is held to be an 
earlier product than the brittle minerals, and often performed the duty of 
holding together the fractured quartz. The red quartz body back of the first 
Ophir horse contained very little within the Ophir claim; but on the south, 
where it entered the California, was charged with a large body of base ores. 
Beginning at the 150-foot level, it extended down nearly to the Latrobe tunnel, 
and in a longitudinal direction stretched from the north line of the California 
claim 150 feet south; its general thickness was 60 feet. This body never 
averaged over $10 to $12 per ton, and was -made’ up of blende, iron pyrites, 
and galena, the total value ‘of silver being contained in the latter mineral. 
From the position of the clay-veins, and the. manner in which they not 
not only separate the quartz from the walls and- horses, but in which they 
surround even the bottom of the sheets, it is evident that they were formed 
subsequently to the quartz periods. This is further shown by the fact that 
they contained rolled pebbles of quartz; yet it is singular that none of 
these pebbles ever carry an appreciable quantity of silver ore. The clays 
are undoubtedly formed by the decomposition of the propylite material, and 
it is only natural that where they form a contact with the bonanza that the 
clay itself should be more or less charged with ore. Wherever examined 
in the.immediate neighborhood of these -bodies, it has been found to be 
charged with silver, from a trace up to a considerable percentage. At 
one place in the Gould and Curry the clay yielded $5 99 of silver to the 
ton. .Near the Potosi strike in the Savage, it is found to carry $8 10 to the 
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tou; and upon the east face of the Gold Hill body, at a point near the great 
curve of the east wall, it gave $6 50 to the ton. 

TEMPERATURE OF Lopr.—Throughout the interior of the lode a temper- 
ature considerably higher than that of the open air is maintained. The fol- 
lowing table is a record of a great number of underground observations, from 
the Northern Gould and Curry to the South Crown Point: 


Table showing Temperatures in the interior of the Comstock Lode. 


Temperature. 


Locality. Paine Remarks. 


Bottom new shaft - - - Water dripping. Shaft 200 
deep. 
Curtis shaft, 2d station, 180 
feet from shaft. 
Do. 3d station, north mine, : Barren quartz. 
13th floor above track. 
2 Clay beside quartz. 
Bottom Potosi strike. 
Switch, north drift. 
Wet clay, 100 feet from switch. South 
Mine. 
4th floor above track. Quartz. 
6th floor South Mine. Quartz. 
South Mine, south drift, 4th station. 
Quartz. 
First switch from shaft, 4th station. 
80 feet west from shaft. 
End north drift. 
End south drift. Little water. 
= 75 feet from end.drift ; dripping. 
= West drift, 50 feet from shaft. 
. bottom shaft - 45 feet below 5th station. 
Gould and Curry | Bonner shaft, 2d station too feet west of shaft; damp. 
East clay-seam ; 2 feet wide. 
200 feet west of shaft. 
In east wall, 300 feet west from 
shaft. 
D-Street level, middle tunnel 500 feet from shaft ; 1 foot wide. 
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Table showing Temperatures in the interior of the Comstock Lode—Continued. 


Temperature. 
Mine. Locality. Dee ae es Remarks. 
ce ine 
a |e |= 
Gould and Curry | Six floors above middle tun- | 79 78 | Old shaft ; old works being reworked, 
nel. but specimen never disturbed. 
Hale and Nor- | Fair shaft, 72 feet above 2d | 87 | - | 89 | South end drift on east wall; quartz 
cross. station. 4 inches thick. 

IDO = 2 6 = 5 5] GO|) 5 | Co) | OF tee SOMHN OE POSE Wa, 

Do - - - - - -{| 83] - | 86] End west drift, northwest winze ; slight 
leakage water ; mixture quartz, syen- 
ite, and clay. 

DDG). RS, Sheses Weeds | Bor aa ame - | Southwest end; wall between ore 
and east wall 65 feet north of west 
winze. 

Downie es vst Gull S4riG= - | On east wall; some fragments of 
quartz. 

(DOM eS 2) een Sse NOuartz about.oanches thick. 

IDO) eine ase: Sy heal | ase 

930 level, north drift - - | 83] - - | Quartz 6 inches thick. 

DO » 6 6 3 6 ol Bales | G2] Islowe, 

Dome went atm ae su lt (5 - | 260 feet from shaft, east wall. 

Do ey ear een 72 |) =) 973) 1) Clay. 3) feet thick. 

Bottom of winze at west | 82] - | - | 25 feet deep. 
switch. 
WO S 6 5 5 6 Aff 5 |) BA WeeO || Weitere Chayoyornayes 
930 level, north drift . -| ~ - | 84 | 80 feet from shaft. 
Bottom of shaft, 850 feet - | 73 | 75 | 70 | Water east side. 
Chollar Potosi . | Chollar-Potosishaft . - - | 83] - | 85 | Mouth of shaft; west wall 1,000 feet 
below. 
3d Santa Fé, south drift - | 73 - | 74 | 800 feet from Potosi shaft. 
Do.7o0feet North Potosishaft | ._ | 73 | - | In wall, water dripping. 
Belvidere side-drift, end - | 60} - | 64 | Water oozing. 
Yellow Jacket - | New shaft, 733-foot level - | 88 | - | 86 | In east wall, east from shaft. 
Dates = a aes con alone Runnings south) mein. 
Dome | 78) |e ean belows Mellow Jacket winzes 
IBOttomvol shatters ss= ei =n |e O2 
TOMA eats qe aoe RT Ome 0 6 
New shaft, 550-foot level - | - | 80 | 70 | Bottom first chute, west drift. 
TD) ORR e court) el: es ee lc 5 || 50 
Do = ate ee ee ||| elorselof porphyry,-e0 feet from south 


end of claim. 
New shaft, 570 level - - -| 76] - | 73 | Bottom second winze; stope. 
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Table showing Temperatures in the interior of the Comstock Lode—Continued. 


Temperature. 


Locality. ; . Remarks. 


Yellow Jacket - | Newshaft,57olevel- - - - | - | Clay x foot wide, running with vein 2 
feet wide. 


Do. 550-foot level : : - | In vein, 100 feet south of shaft; east 


wall. 


Do. 450-foot level = E - | West drift, 350 feet from shaft. 
DOs cease eee = 20 feet from shaft. 
Imperial and Em- | New shaft- - - - - -| - | 93} - | Tank at top of shaft. 


pire. 
Doyen Seed ee Oonlto7 | eeromibottom: 


The Ophir works being inaccessible at the time of this study, we have 
no very definite ideas relating to the thermal conditions of that part of the 
lode; but such a uniformity exists in the relations of temperature and depth 
that it cannot be doubted that the Ophir would repeat the conditions observed 
so uniformly elsewhere. ‘The vein-material is all wet with infiltrated waters, 
which may be classed in two systems: those which owe their origin to surface 
drainage, and percolate downward from the outcrop of the lode; and those 
which rise from great depths, arriving at the lower mine-works in a more or 
less heated condition. ‘The former are dammed up by the various clay-seams, 
penetrating to greater or less depths according as the clays pinch out or con- 
tinue deeply downward; the upper portion of the lode, especially that which 
has expanded in the V-form, is a continuous series of water chambers. As 
mining developments have progressed, these chambers, one after another, have 
been drained and pumped out. Within the main portion of the lode, subter- 
ranean galleries tapped successively nearly all these water bodies, and there 
are no longer any great isolated collections; but the constant influx necessitates 
a very elaborate system of pumping machinery, as will hereafter be seen from 
Mr. Hague’s chapter. By referring to the table, the reader will see that the 
average temperature of these waters, from the surface to 700 feet downward, is 
about 70° to 75° Fahrenheit; while those which are found in the lowest work- 


ings of the Empire, Crown Point, and Hale and Norcross, rise to a maximum of 
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108° Fahrenheit. The vapors from these hot waters fill the lower chambers 
of those mines, penetrating every crevice and fissure-line of the vein-material, 
and have converted the whole lower zone into a moist, steaming region. An 
interesting instance of the heated waters occurred in the North Ophir mine. 
When drifting west from the Palmer shaft, a body of clay was cut, and immedi- 
ately after penetrating it there poured in such volumes of heated water that 
the miners were barely able to jump upon the cage and escape to the surface; 
the water rapidly following them filled the shaft over 100 feet deep. The 
temperature of this hot water irruption is said to have been 104°. That to 
the waters is due the temperature of the whole interior of the lode is evident 
from the fact that they average a few degrees higher than the clays or rocky 
material. ; 

Cuemistry oF Vein Marteriats.—Below is given the result of chemical 
examinations of mine waters from various localities. 


Analysis of water from the 600-foot level of the Savage mine, by Professor S. 
W. Johnson, of Yale College. 


One liter contained 


Grammes. 
Sica erempnie a ee mcruer ay ati t: SOP oa L bos papas slay itso .0305 
Aluminayandel ernie oxides <0 295 220. 22ioo hee cede elle 0009 
Chlondevotoodiummoes Nee So Sega Ake .0021 
DUlphckenom Mamie inet). ote ee) Se 5044 
Sul plbel orp Miaenesiae rere MRM 21 ale Let ee oh el .0308 
WaTvIMaAvesOmelOrissae =o Nee Sei Se a ik .0148 
Salami Chol SOdavey satis ee is te) MEL Ue a 1297 
Crgvonate om Mapmesiaiio. S228 tia winfee he oo Subse Sales - 0512 
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Bristol. 


Table showing Qualitative Determination of Comstock Mine Waters, by Eugene S. 


1 
Bd 9 Pare hs ; B 
— s an . oS n Oo S 
Be ES ae ge | e & a 
> a 7 So 5G o 6 Sih c- 
ome os =a 5B of a & = 
ay = ay) ) > ° oO Zz, [on to € ° 
2 Oo Qo BG Zz (| os aU 6 4 
aq 3 AT — 5S c=) 5 9) 
5 Eo 4 oe ns) “5 rie es SS 
» oot (e) 1 Gs Sq is] Ge} 0 ~ ay 
BO 19 ae) a ¢ Sa rs ox © x 
[e} OO Ls — 1 ay) o n is ti A=! 
=| fs = a & 2 3 OO UR Ss pS 
er eee ls aS iis Sy [as 2 8 S 
Sis iss) | qo a n oe) 
Solid contents, grammes*| 0.0553 0.3271 0.0615 0.0924 0.0784 0.2660 0.080 
IBasestin i = eile hee Lime Lime. Lime. Lime. Lime. Lime. Lime 
Magnesia.| Magnesia.| Magnesia.| Magnesia.| Magnesia.| Magnesia.) Magnesia. 
Potassa. Potassa. 
Soda Soda. Soda. Soda. Soda. Soda. Soda. 
Alumina. 
NGidsy= = 92) el Canbonies| Carbonic. Carbonic.| Carbonic.| Carbonic.}| Carbonic. 
Sulphuric. |Sulphuric. |Sulphuric. |Sulphuric.|Sulphuric.|Sulphuric.|Sulphuric. 
Phospho- | Phospho- | Chlorine. Phospho- | Phospho- | Chlorine. 
Tice ric. ric. ric. 
Silicic. Silicic. 
(Trace.) 


*Tn 100 cubic centimeters of water. 


In these 
the amount of solid matter per 100 cubic centimeters is first given, then a 
qualitative enumeration of contents. 


A considerable series of less extended analyses is given above. 


It will be seen that beside the elements 
found in the Savage water, that from the Yellow Jacket shaft contains phos- 
phoric acid, which also occurs in the lower Hale and Norcross and in the fifth 
station of the Savage. ‘The contents of these waters, together with their tem- 
peratures, illustrate nearly all the chemical agents now actively engaged in the 
vein. Below are given three tables: one of analyses of the clays; another of 
horse materials; a third contains the prominent rocks of the neighborhood, 


propylite and andesite. 
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Table of Quantitative Analyses of Comstock Clays. 


Hale and Nor- 


cross. 


Yellow Jacket. Chollar. Savage. 


East clay. West clay. Second Station. 


East clay. 


SHICH 5 oe 6 be 60.02 59.71 65.69 39.52 
Phosphoric acid -34 Trace. Trace. Trace. 
Carbonic acid 3.17 .20 


Alumina . .- 12.15 17.59 -39 7 


Ferric oxide - 4.38 5.04 Say -47 
ime. so 6. -73 .66 .20 
Magnesia - - 1.40 4.41 85 -40 
Potassa- 1.23 3.98 A one 
SOCH 2 +45 I.OL 

Wiateremn= 8.09 4.19 pe 95 
Bynitesi- e- 1.84 3.58 s .18 


99.07 100.24 100.34 


Prof. S.W. Johnson.) W. G. Mixter. | W. G. Mixter. | Prof. S.W. Johnson. 


Analysis of Propylite Horse, by W. G. Mixter. 


Yellow Jacket. 


830-foot level. 


Silicdbe ee wnt wesc 80.27 
VATU NA ye mete eeven es te 9-39 
HericOxide = sey) =P en i P07) 
Manganous oxide - - - Trace. 
WEEE, 5 ag oS) 5 Trace. 
iMeer VAs Few cess, Vic 0.54 
Rofassaw em secats) = 2.19 
ESIGYG LE) OR AS ae 1.94 
Wiateneicn oS tsp 12) le.) Sey ve 1.83 
EME FA Sl A Ss So 1.69 
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Table of Quantitative Analyses of Rocks, by W. G. Mixter. 


Andesite. Propylite. 

Silica fey peu re ees een 59.22 58.68 
/Albieniney 2 5 3 5 = « 18.20 17.90 
iBlermicoxide ss tle 6.69 4.11 
WIMe ys, ee eh eee 5.51 5.87 
MIBVERRESAi 5 5 85 5 « 2.90 2.03 
POtaSSa a aan ee 1.39 3.19 
Soday t=? S50) he ee ees Brot 2.07 
Waters Avis a0 eet one 2.80 6.53 
100.02 100.36 


From these chemical data it is seen that the propylite, waters, and iron 
pyvites, furnish all the materials for the chemical action now going on in the 
vein. ‘To the orthoclase of the propylite, with its large proportion of potassa, 
may be traced the potash which is found so frequently in the waters and vein- 
materials. 

The horses from various localities throughout the lode have been examined 
for silica and were found to contain from 68 to 85 per cent.. The quantitative 
analysis of a propylite horse above given, represents a fair average of their 
chemical composition. The comparison of the tenure of silica with that of 
the propylite shows the important fact that all the vein-materials are more 
highly charged with silicic acid than is the normal propylite wall-rock, When 
it is considered that so basic a rock as the syenite forms the other wall, the 
writer thinks the conclusion inevitable that the immense masses of quartz 
cannot be the result of lateral secretion 2m setu. The horse materials, 
especially, contained rather more silica than the normal propylite, and those 
specimens which have been taken from the immediate east country, are 
charged to their normal percentage with silica. Whence then is the enormous 
volume of this mineral? That it came from below, brought upward by the 
ascending currents of hot water, there seems to be little doubt; likewise that 
it filled the fissured chambers with a uniform charge of quartz is evident from 
their internal structure. The rocks upon either side in immediate contact with 


the vein, and as far as we have seen in the eroded gorges of the syenite, and 
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for a distance of at least 600 feet to the east of the vein, contain their normal 
equivalents of silicic acid. But after passing the zone of 600 feet to the east 
of the vein, the country-rock for a mile and a half is filled with seams parallel 
to the Comstock lode; is fissured in every direction with a net-work of minor 
cracks, and has lost its original texture by solfataric decomposition. Here 
we find the silica contents almost gone. The greater part of this wide zone 
lying east of the Comstock has been reduced to a more or less ochreous, 
earthy rock, from which almost the last traces of silica have been taken. 
Supposing the Comstock to continue downward, along the inclined west wall, 
at no great depth, the solfatarized zone would be entered. It seems most 
probable that the whole mineralogical contents of the lode were sent upward 
from that region. In the immense withdrawal of silica from the rocks of that 
zone is a sufficient supply for the Comstock fissures. 

PaRAGENESIS OF Marertats.—The only facts beside those already cited, 
which throw additional light upon the origin and mode of occurrence of the 
Comstock, are the paragenetic relations of the various mineral materials. 
In a large way, of course, the horses are the earliest included materials. 
Next to them the fissure chambers were filled with quartz. After the 
quartz the percolating of waters, the attrition of rolled pebbles along their 
sides, and the thermal decomposition of horse and wall produced those 
sheets of clay which, in remarkable persistence, line every surface of quartz, 
and define every line of fissure. That they are later than the quartz is 
proven by their containing pebbles of that mineral, by their cutting it in 
certain instances, and by their surrounding it in every direction. The 
following series of minerals has been observed. The main ore-mass of 
the bonanzas is composed of, first, quartz; secondly, an assemblage of 
crystalline combinations of gold, silver, silver glance, blende, galena, and 
copper pyrites, the latter two ordinarily in small proportion; thirdly, un- 
important, secondary introductions of quartz, which occur as coverings and 
casts of earlier quartz crystals; fourthly, polybasite and stephanite, which 
throughout the whole length of the lode occur sparingly in well defined 
crystals; fifthly, carbonate of lime; sixthly, a third occurrence of quartz 
_ covering the carbonate of lime, and in some instances remaining in the form 
of a shell, after that mineral has been entirely dissolved away. Iron pyrites 


92 : MINING INDUSTRY. 


belongs to the period of the earliest formaticn of the silver sulphides, and seems 
to have continued to a very late period, certainly until after the formation of the 
latest clays, for there are no important seams which are not more or less 
impregnated with the small, brilliant crystals of this mineral. Carbonate of 
manganese occurs but once, and in that case occupies a position between the 
main introduction of sulphides and the latest quartz formation. The other 
carbonates, those of lead, lime, and copper, belong also to this same period. 
The oxides, of which there are only those of iron and manganese, are wholly 
superficial products, belonging to the phenomena of the “Iron Hat,” and result- 
ing without doubt from the decomposition of the carbonate of manganese and 
the sulphides of iron. Of the accidental rare minerals, pyromorphite, which 
occurred in the Ophir, belongs to the upper levels, and its relations with the 
other materials were never clearly understood. Horn silver was found by 
Kiistel in the outcrops of Gold Hill, but there is no information concerning 
its paragenetic relations. The sulphates are wholly later than the latest 
introduction of quartz. They occur, first, in the form of selenite; secondly, 
in those soluble sulphates with which the waters of the lode are now 
so largely impregnated ; and, thirdly, in that important zone of gypsum which 
occurs in the east country-rock, from a depth of from 600 to 900 feet below 
ground. From the Ophir to the Yellow Jacket this zone is more or less 
impregnated with gypsum, which occurs filling the cracks and fissures of the 
propylite, its fibrous crystals arranged diagonally to their surfaces. The distri- 
bution of the gypsum or selenite is one of the most interesting phenomena of 
the vein. At four or five places in the middle works of the lode, such as the 
Gould and Curry fourth, and the bottom of the Fair View shaft, were found 
beautiful crystals of selenite resting upon the latest quartz, later, therefore, 
than any of the metallic introductions, unless it be those sulphides of iron 
- which are found in the clays. Natrolite and chabazite, with a rare association 
of stilbite, occurred in the black dike of the Gould and Curry, and near the 
bottom of the North Yellow Jacket shaft. A second growth of selenite has also 
recurred, its crystals resting upon those of the zeolites. The clays were prob- 
ably completed before this latest introduction of quartz, since certain of their 
surfaces and cracks are penetrated by it. After this latest quartz the zeolites, 
and then the sulphates, subsequent to which we have the “Iron Hat” with its 
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oxides of iron and manganese. It is important to observe here that the periods 
of most active crushing of the quartz were prior to the introduction of the © 
stephanite. Angular fragments of quartz, which are found imbedded in the 
clay, never contain that mineral, while they are often more or less charged 
with the silver glance ore. 

Mops or Continuance IN Deptu.—-So far the study and consideration of 
the lode has been confined to its past and present history. More interesting 
than these, by far, is its future condition and its probable mode of continuance 
in depth. In some respects this is the most difficult and perplexing period for 
an out-look which has occurred since the working of the district. During the 
last three years the gradual convergence of the bonanzas, both in the Gold Hill 
and the Virginia group, has given an unfriendly aspect to the lower region of 
the lode, and cast a decided shadow upon the future. In many places, as has 
been seen, the lode was found to terminate in a mere line of fissure scarcely 
marked by even-a thin parting of clay. It began to be very seriously ques- 
tioned by careful men whether, sooner or later, the whole of the ore-channel 
would not follow this unfortunate example, and close out altogether. The 
walls in Gold Hill decidedly converged, those in Virginia approached each 
other with a rapidity which bade fair, after a few hundred feet deeper, to 
bring them together, and it looked very much as if 500 feet at the utmost 
would end the productive zone of the Comstock. Against this view were 
the prominent facts of the immense masses of vein-material, which analysis 
of the various constituents proves to have been introduced from some dis- 
tant source. ‘To suppose these poured in from the surface is an hypothesis 
so utterly at variance with all our ideas of the-past condition of the range 
as to be untenable even for a moment. It is considered as certain that 
those vein-materials which are not either portions of the country-rock 
that have fallen into the chasm, or such as are clearly derived from their 
decomposition, have been introduced from below. This indefinite source 
of supply most probably les at a considerable depth beneath that portion of 
the east country-rock which is most thoroughly decomposed by solfataric 
action. It became a matter of intense interest to discover those points 
where the great gashes of the ore-channel should open out into the true 
or deep-seated fissure, and when mine after mine worked downward and 
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found the two walls coming into close contact, with nu appearance of the 
re-opening of a downward chamber, the very existence of such deep-seated 
fissure was more than doubted. The great structural puzzle of the lode for 
three years has been to find the vents through which the quartz ascended 
and filled the fissures of the ore-channel. Within the last year a new aspect 
has been put upon the whole question. In Gold Hill, the west clay-seam, 
after steadily and uniformly approaching the east quartz to within 60 feet of 
actual contact with it, has now opened downward into almost exact parallelism 
with that body. At the lowest working in the Virginia group, at a point in 
the Hale and Norcross, or directly within the widest eastern expansion of the 
Virginia chamber, the east fissure opened more and more into an inclined 
position, until now, in the deepest works, the walls are approaching parallel- 
ism, and the conditions assuming more and more those of a simple fissure. 
In the previous pages reasons have been given which seemed to forbid 
the idea of the quartz being segregated by lateral secretion 2m situ. If it 
ascended from the depths below, as there can be no doubt it did, it must have 
had a very considerable channel, for its immense volumes forbid the idea of a 
slow seepage through a very contracted channel. It is possible for the quartz 
to have risen either through one general fissure, or to have found an entrance 
into the gashes of the ore-channel through two or three narrow chimneys. 
Had the former been the case it is difficult to conceive any reason for the 
peculiar disposition of the bonanzas. Had it been equally easy for the quartz 
to ascend at any part of the lode, and had the nature of the fissure given free 
vent to ascending currents either of water or metallic vapors, there would 
seem to be no reason why the bonanzas would not have been more equally 
distributed through the quartz. Decidedly the most remarkable feature of 
the silver distribution is that, with an immense surface expansion, it focuses 
downward in three points, at Gold Hill, Virginia, and Ophir. This is some- 
what due, no doubt, to the fact that the ore-channel stands at a much greater 
angle than the west wall, and that the junction of these two systems of fissur- 
ing would naturally produce some barriers to the upward transit of material. 
It is dangerous to hazard*a conjecture as to the mode of occurrence below; it 
is working altogether in the dark. The indications at present are insufficient 
to warrant any well-grounded conclusion. This, of course, offers but little 


THE COMSTOCK LODE. 95 


encouragement in a financial point of view; but the absence of bad prospects 
is in itself an encouraging feature, and there is certainly nothing in the present 
lowest developments of the lode which will at all warrant the belief that the 
metallic yield must necessarily cease. While it seems improbable, from the 
configuration of the ground and the relations of the fissures, that there can 
ever again be such a magnificent expansion of bonanzas, yet there is no strong 
reason why a total cessation of the silver minerals should be expected. The 
examples of other great veins, all that we know of the mode of deposition 
and chemical transmutations of silver ore, rather favor the idea of a continued 
silver occurrence in depth. But the lode is in many respects unique, and it 
may be considered as established that only actual exploration can determine 
the important question of the future. 

Resumé.—The results of this long and perhaps tedious investigation may 
be summed up in the following statement of conclusions: The ancient Virginia 
Range, prior to the Tertiary period, was composed of sedimentary beds of the 
great Cordillera system, which, in the late Jurassic epoch, had been folded up, . 
forming one of the corrugations of that immense mountain structure which 
covers the western front of our continent. Accompanying this upheaval 
were outpourings of granite and syenite. The erosion which followed this 
mountain period escarped the ancient rocks, and modeled the eastern front 
of Mount Davidson into a comparatively smooth surface, whose average 
angle of slope sank to the east at about 40°. In the late Tertiary, at the 
time of the volcanic era, the Virginia Range shared in the dynamical convul- 
sions which gave vent to successive volcanic outflows of immense volume and 
very remarkable character. The first and, so far as the Comstock lode is con- 
cerned, the most important, was of propylite, or trachytic greenstone, which 
deluged the range from summit to base, covering large portions of its ancient 
surface, and leaving here and there isolated masses, which rose like islands 
above the wide fields of volcanic rock. Subsequently followed the period of 
the andesites which, at their commencement, in the form of a thin intrusive 
dike, penetrated a new-formed fissure on the contact plane of the ancient syenite 
and the propylite. This earlier andesite period gave birth to the solfataras, 
which, bursting from a hundred vents, rapidly decomposed the surrounding 
rocks, and gradually filled the fissures of the Comstock with their remarkable 
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charges of metal-bearing quartz. The latest flows of andesite poured out over 
the decomposed propylite; and since they are themselves unaltered, their 
appearance marks the period when solfataric action over wide areas had ceased. 
While it no longer maintained its energy through the broad zone of propylite, 
it stil! continued intensely active within the chambers of the Comstock lode. 
Metallic contents were introduced into the the quartz, the clay-seams were 
formed by a rapid decomposition of the neighboring propylite materials, the 
horses reduced to a spongy, semi-plastic condition, and at last the final solidi- 
fication of the quartz took place. Outside of the vein two events of geological 
interest have occurred: first, the period of trachyte eruptions, when from the 
ruptures of the crust, parallel to the Comstock lode, vast volumes of sanidin- 
trachyte overflowed the country; and, secondly, the less powerful but still 
important outpouring of basaltic rock, which marked the close of the volcanic 
era. Within the vein, and probably caused by one or both of these latter 
volcanic disturbances, a pressure has been exerted which has crushed and 
ground the masses of quartz into minute fragments. It is interesting to 
observe that while this force was great enough to crush quartz-masses one hun- 
dred and fifty feet in breadth into mere angular pebbles, the disturbances were 
insufficient to cause any actual faulting of importance. Both within and with- 
out the vein the solfataras gradually came to a close. The heated currents of 
water which even yet ascend into the lower levels of the mines, are evidence 
that at no very great depth a considerable temperature is still maintained; but 
this is only a faint relic of a once intense action. 

No chemical theory will be advanced as to the origin of the quartz, nor 
of those delicate questions of magneto-chemical introduction and subsequent 
transmutations of the metallic minerals. ‘They belong rather to an abstruse 
study of the theory of veins in general than to an investigation of a particular 
district. ‘The writer has endeavored to present the most important facts that 
came within his observation, in the hope that a patient reader may gain a 
general view of the structure and chemistry of this celebrated lode. 
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SC LON fr. 
GENERAL METHOD OF EXPLOITATION. 


It is the object of this chapter to describe the methods by which the 
mines of the Comstock lode are worked, and to show the general condition of 
mining industry in the district of which that lode is the principal feature. 


Notse.—The writer takes occasion here to express his obligation to many gentle- 
men, superintendents of mines and mills in the vicinity of Virginia City, and officers 
of mining companies, for much assistance in obtaining the information embraced in 
this and the following chapter. He is especially indebted to Mr. Louis JANIN, Jr., 
formerly superintendent of the Gould and Curry Mine, Mr. CHARLES BONNER, super- 
intendent of the Savage Mine, Mr. JAMES FAIR, superintendent of the Hale and Nor- 
cross Mine, and Mr. IsAAc L. REQUA, superintendent of the Chollar-Potosi Mine; 
also, to Mr. LOWELL, Mr. FRANK THAYER, Captain RAwLINGs, and Mr. Joun O. 
PLAYER, officers of the Savage Mining Company, and to the Hon. F. A. TRITLE. 

His thanks are also due to the officers of Wells, Fargo & Company’s Express, not 
only in Nevada but elsewhere, for many favors; and to Messrs. J. H. CARMANY & 
CoMPANY, proprietors and publishers of the Commercial Herald and Market Review, 
of San Francisco, for much statistical information. 

The following publications have been frequently referred to by the writer during 
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Tue Vein.—The geological features of the vein and its inclosing rocks, 
its general structure, and the character and method of distribution of its ore- 
bodies, have been so fully discussed in the foregoing chapter that, in what 
follows, these matters will receive only such attention as may be made neces- 
sary by their intimate connection with the branch of the subject under 
present consideration. | 


The course of the Comstock lode is nearly north and south, maintaining 
a general conformity in direction with the trend of the Washoe Mountains, 
in which it is contained. Its croppings extend in a broad, irregular belt along 
the eastern slope of the range, at an altitude of about 2,000 feet above the 
level of the plain to which the hills descend, and about 1,300 or 1,400 feet 
below the summit of Mount Davidson, the highest point in the range. 


The western, or foot-wall, dips to the eastward from near the surface to 
the greatest depth attained, at an angle varying from 35° to 55°. The east- 
ern, or hanging-wall, is ill-defined, especially in the upper portion of the lode, 
but at the depth of several hundred feet the two walls, or what are usually 


recognized as such, descend with considerable regularity, dipping easterly at 
about 45°. 


The size of the vein is irregular, the walls being in close contact with 
each other at some points, and at others diverging and expanding, so as to 
include between them masses of vein-matter several hundred feet wide. With- 
in these immense spaces, filled by material of varied character, are the bodies 


the preparation of these chapters, and are commended to the reader as valuable 
sources of information: The Reports on Mineral Resources by the United States Com- 
missioner, Mr. J. Ross BROWNE, and his successor, Mr. Rk. W. RAYMOND; the Reports 
of the State Mineralogist of Nevada, Mr. R. H. STRETCH, and his successor, Mr. A. F. 
WHITE; Reports of the Surveyor General of Nevada, Mr. 8S. H. MARLETTE; and the 
official reports of mining companies. 

The plates illustrating this volume have been prepared from notes and drawings 
obtained in the field during the progress of the survey; the final work of preparing 
them for the engraver has been done, under the supervision of the writer, by Mr. 
ELLSWORTH DAGGETT, of New Haven, and Mr. A. PoHLERS, of Washington, to 
whose skill as draughtsmen, combined with a practical knowledge of the subject, they 
owe much of whatever merit they possess. 


All money values quoted in this and following chapters, referring to the State of 
Nevada, are, unless otherwise stated, expressed in coin. 
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of ore-bearing quartz, whose peculiar features have been already described 
and the extraction of which is the object of the miner. 

The extent to which the vein has been clearly traced, and on which min- 
ing claims have been located, is about four miles. At either extremity of this 
ground, however, and particularly on the north, the vein has been but little 
explored and has not been thus far proved to be very valuable. Its developed, 
and, so far, productive portions, are included within about two miles, and within 
these last named limits the ore-bodies have been found to occur in disconnected. 
groups, separated from each other by long intervals of barren ground. 

Minine Ciaims.—The following is a list of the mining claims located on 
the course of the lode as far as its continuity has been traced with any 
certainty. It gives the length of ground claimed by each company or indi- 
vidual owner, beginning at the north and proceeding towards the south: 


List of Mining Clains on the Comstock Lode. 


| Length of Length of 
Name of company. Wl ae us Name of company. Se 
claim in feet. ; claim in feet. 
Witahie ea 0ee cages ona I, 000 JBRICONT Ss). BEE Sen teres | 45 
ING. oh bp ay Sep ees co 925 Empire, (North mind) - - - - 55 
Sietray Nevada Na 2) = 1,959 HICHPSCLRas aye eet vose eS cates, e 30 
Wimionm eso een 500 Rrenchp et semmr eer velo 2 oe 20 
Ophir, (North mine). - . I, 200 Empire,(South mine) - - - - 20 
Mexican) ecu ian ey | I0o Platome, Wegn seep Fs hon ie nie) 
Ophir, (South mine) - . . | 200 IBOwersinp omy tak Ose sp Boyt. PSL 20 
Centraley rep h Soe ic. yeu 2 I50 Piltem eis, | eyes fee gs Ss 20 
Calitornia2/ aes eee 300 | Wanters“and Koustel == = = ; 30 
Conim@IN@,22 6 .« 6 «= 100 |) Consolidated) 3 2-2. 5, < 2r' 
iieaimeyyet bs ee 50) | ssiceiGround’ 2) = 5-2 = 13% 
White and Murphy2. - .- 210 | Imperial, (South mine). - - - 65% 
‘ASIC OS 2aawmretame ted «S008 500 | Chaillense a 6 S oe Be 50 
BestiandiBelcher=) =) = 250 ia Gontidencew i ays ot Se 130 
Gouldvand\Cnrry == I, 200 | Burkeand Hamilton - - - .~ 40 
Savage.) Teo lvewWen sot cue 771 | Wellleny de@keEe ss Sag Se) = 943 
Hale and Norcross - - - 400 IMEMMTICER 5 2) Bao oe 93% 
Chollar-Rotosi*#f2) = = = I, 434 Hii GtowauPoine 94 issue tic oes 540 
iB liioresy = eet ee 940 Belem = 5 5 eb 4 5 940 
Ieleebees 5 6 c 6 « 400 || Segregated Belcher. - - - - 160 
Tb one herem Wet Mey ee wal alee 278% Oven 5. os 2s 2 5 5 5.6 I, 200 
AN pplevand Bates = se 31% North Ammen canys sn =e 2, 000 
iitarperialyy (Alita) sens 118 Baltimore sAmentcans sey) 2) 2, 000 


1 Report of R. H. Stretch, State Mineralogist of Nevada, 1866. 2 Virginia Consolidated. 
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Each claim mentioned in the foregoing table formerly represented a dis- 
tinct and separate ownership in the vein, originally acquired by location under 
the laws of the State. A few of them have since been consolidated, reducing 
slightly the number of individual owners. Many of these claims are very 
short, their length varying from 10 to 2,000 feet. The length of each claim, 
as given in the table, is measured along the line of the lode, or ina nearly north 
and south direction, covering in width the whole of the known extent of the 
vein between the east and west walls. ‘The difference of opinion regarding the 
position-of these walls and the relation sustained toward each other by parallel 
bodies of ore, separated by country-rock, but all included between what are 
now held to be the main walls of the vein, was, in former years, a fruitful 
source of litigation, involving the expenditure of millions of dollars. 

Each claim, with few exceptions, is represented by an incorporated 
company. In most cases, formerly, the number of shares in any company 
was equal to the number of lineal feet contained in its claim on the lode; lat- 
terly, however, nearly all the more important companies have found it desirable 
to increase the number of their shares, and this has been done by subdividing 
each foot into fractional parts, usually twelve or twenty in number. 

The subdivision of the workable portions of the lode among so many 
independent owners, has not only given rise to much expensive litigation, but 
has doubtless increased the cost of development, multiplying the expenses of 
administration, the outlays for machinery, and other requisite equipment of 
the mines, and in various ways involving expenditures that would be avoided 
under more comprehensive or consolidated management. 

All of these companies have explored their ground to some extent, and 
most of them throughout the entire length of their claim; but the number of 
those that have attained great success as producing mines is comparatively 
small. These latter, whose locations fortunately covered the great bonanzas, 
form four or five distinct groups. The northernmost comprise the claims 
of the Ophir and Mexican mines, from which a large amount of bullion 
was produced in the earlier years of the development of the lode. Adjoin- 


1 The Sierra Nevada, north of the Ophir, has latterly become a successful and 
profitable mine. Its product, however, has thus far been chiefly gold, derived from 
surface rock. Its deeper explorations have not developed large bodies of silver ore. 
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ing these on the south is a portion of the vein that, so far, has been unpro- 
ductive, amounting in extent to about 2,000 feet, at which point begins the 
next group of bonanzas, on which the Gould and Curry, the Savage, the Hale 
and Norcross, and the Chollar-Potosi are situated. Further south, separated 
from the last-named group by some 1,500 feet of ground, in which the Bullion 
claim has been explored with a wonderful persistence, and so far without any 
reward, is the next important and one of the most productive groups of ore- 
bodies yet developed. Here is a series of claims, some of them very short 
in extent, beginning with the Exchequer and Alpha and extending southerly 
to the Crown Point, covering, in the aggregate, some 2,500 feet of ground; 
this portion of the vein, excepting some slight intervals, has been very pro- 
ductive. Still further south, the Belcher and the Overman have found con- 
siderable bodies of ore, but less important than those before referred to. 

GeneRAL Mertuop oF Operation.—The earlier developments of the 
lode were made by sinking shafts upon it or by driving adit-levels through 
the eastern country-rock to cut the ore-bodies in depth. This latter method 
was employed by the Gould and Curry and served in the extraction of the 
greater portion of their workable ground. Other companies operated by 
means of shafts, and these, in early days, were sunk upon the croppings. 
At that time, before the structure of the vein had been discovered by actual 
work, the false pitch of the eastern wall and a slight westerly pitch of 
some of the ore-bodies, led to the belief that the vein would permanently 
dip to the west. As developments proceeded, however, the eastern dip of 
the western, or foot-wall, with the probable conformity of the eastern wall 
to it in depth, became clearly apparent. The shafts, sunk on the croppings 
on the northern part of the vein, reached the west wall at a depth of 400 or 
500 feet, and penetrated the hard syenite below the vein. As the increasing 
depth of such shafts constantly increased the distance between the bottom of 
the shaft and the vein, and as the ground above, in the vein, was of a soft 
character and difficult to sustain, the plan of locating deep shafts at 800 or 
1,000 feet east of the croppings and sinking through the eastern country- 
rock to strike the lode at a considerable depth, was adopted, first by the 
Gould and Curry, and afterward by nearly all of the principal mines in the 
vicinity. 
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Shafts of this character, designed for permanent and extensive operations, 
liberally planned and constructed in the most substantial manner, and furnished 
with the best of machinery for pumping and hoisting, are now being sunk by 
the Ophir, Gould and Curry, Savage, Hale and Norcross, Chollar-Potosi, and 
Empire-Imperial companies. ‘The depths attained by these several shafts vary 
from 700 to about 1,300 or 1,400 feet. The deép mines further south, the 
Bullion, Yellow Jacket, Kentuck, and Crown Point, are still working through 
the shafts originally sunk near the croppings of the vein, but in the vicinity of 
the last-named mines the west wall is only encountered at a much greater 
depth than in the more northerly portions of the lode. | | 

At the present day the greater part of the ore extracted from the vein is 
brought from a depth exceeding 500 or 600 feet, and the underground work 
of the leading mines is necessarily prosecuted through these deep shafts. As 
the sinking of these progresses, stations are established at successive distances, 
usually at intervals of about 100 feet, and from these stations, levels or tun- 
nels are driven from the shaft to the vein for purposes of exploration or extrac- 
tion. The ore-body being reached, it is stoped out overhand; that is, the 
level is driven under the body of ore to be worked out, and the ground over- 
head is thrown down and carried in cars from the stope to the shaft, where it 
is raised to the surface. 

The drainage of the deep workings must, of course, be effected by means 
of the shafts. The adits or tunnels, driven in from the surface to the upper 
portion of the lode, serve to drain the ground above them, but as operations 
are now carried on far below their level, the accumulating water must be col- 
lected at the shaft and raised to the surface or to an adit-level. For this pur- 
pose the deep shafts are provided with pumps of adequate capacity, and the 
water encountered in the various parts of the mine, finding its way to the 
shaft, is thus discharged at the surface. 

The various operations included in this work, comprising the sinking and 
timbering of the shafts, the construction of the drifts or tunnels, the working 
and timbering of the stopes, the extraction of the rock, the machinery em- 
ployed for hoisting, pumping, and ventilation, and the arrangement of these 
works on the surface, will now be reviewed somewhat in detail. 

Mine Suarrs.—The deep shafts of the several leading mines on the 
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Comstock resemble each other in general features, They are sunk vertically 
and, as they pass through ground of rather unstable character, require to be 
timbered from top to bottom. They are from 44 to 6 feet wide, and from 20 
to 24 feet long, inside, between the timbers. They are usually divided into 
four compartments, one for pumping and three for hoisting. Of the latter, 
two compartments are usually devoted to the general work of hoisting from 
the mine, while the remaining one is exclusively used in the further sinking 
of the shaft. 

The present working shaft of the Savage mine, the description of which 
may serve as an example of the others, is 24 feet long in the clear between 
the end-timbers and 6 feet wide. It has three compartments for hoisting and 
one for pumping. ‘The latter is 6 feet square in the clear; the hoisting 
compartments are 6 feet (the width of the shaft) by 5 feet, and the three 
partitions between the compartments are formed of 12-inch timbers. 

Saart Timperinec.—The timbering consists of framed sets or cribs of 
square timber, placed horizontally, 4 feet apart, and separated by uprights 
or posts, introduced between them. Lach horizontal set of timbers, therefore, 
marks about 5 feet in depth. Cross-timbers, for the partitions between the 
compartments, form a part of every set. The whole is covered on the outside 
by a lagging of 3-inch plank placed vertically. This method of timbering is 
illustrated by several drawings on Plates Il and III. Fig. 1, Plate IL, repre- . 
sents the plan of the shaft, or of one horizontal set of timbers; S, S, are 
the longitudinal or sill-timbers; TJ, T, the transverse end-timbers; P, parti- 
tion-timbers; 7, guide-rods, between which the cage moves; g, gains, cut 
in the sill-timbers, to receive the ends of the posts. ‘The sheathing or 
lagging is seen inclosing the whole frame. 

Fig. 2, on the same Plate, is a transverse section through the partition P 
of Fig. 1, between the pumping compartment and the adjoining hoisting com- 
partment, looking toward the latter. In this figure, G, G, are the posts; S 
the sill-timbers; P, the partition-timbers, the ends of which are framed with 
short tenons that are received in gains cut in the sill-timbers and the ends of 
the posts; 7, guide-rod ; /, lagging or sheathing. Fig. 3 is an end view of the 
frame, shown in Fig. 1. The single piece 7 forms the end, while the double 


pieces, P, forming the partitions, are seen beyond. The other letters denote 
the same parts as in Fig. 2. . 
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The outer timbers of each set, that is, the two sides and ends of the main 
frame, are 14 inches square; the posts, 10 in number, four at the corners and 
two at each end of the three partitions, are of the same size. The dividing 
timbers, forming the partitions, are 12 inches square. These partitions, as 
may be seen in the drawing, are not close, no planking or lining being used on 
them, but two pieces of timber are employed, one above the other, at each set, 
leaving open spaces of about 3 feet between the sets. ‘The drawing on Plate 
III presents an isometric view of a series of these sets, forming together the 
timbering of the shaft. The lagging or sheathing is removed from the side 
and end nearest the observer. 

The ground through which these shafts pass being generally too unsettled 
to allow of sinking to any considerable depth without support, the work of 
timbering is necessarily done from above downward, as the sinking pro- 
gresses. The method of putting these timbers in place is about as follows: 
When sufficient ground has been excavated below the last set of timbers, for 
conveniently putting in another lower set, the long horizontal timbers, or sill- 
pieces, forming the sides of the set, already framed for receiving the ends, and 
having gains cut for the posts and cross-pieces, or ties, are lowered down and 
put approximately in place, bemmg hung by chains to the last set already fixed 
above. The sill-pieces are usually in two parts, each about 13 feet long, 
butted together, at the middle, without splice or framing. The ends, cross- 
pieces, and posts are then fitted as nearly as possible into their proper places. 
This being done several long, round iron bolts, each made in two parts with a 
tightening screw in the middle, are passed through the new set and the one, 
or sometimes two or more, above. Everything being approximately in its 
place, the new set is adjusted exactly to its proper position, by means of the 
tightening screws on the bolts by which it now hangs to the set above. The 
lagging is then put in behind the timbers, and between the plank and the 
ground are inserted pieces of spiling and wedge-timber, which are driven into 
place or forced in by jackscrews as firmly as possible. Once fixed in this 
manner, everything is held by lateral pressure; the bolts by which the set 
was at first suspended are allowed to remain for a time and then withdrawn, 
for use in placing succeeding sets. 


The shafts on the Comstock timbered in this manner generally stand 


* i a Plate IT. 


* Pin 
Seale: 60. 
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very well and are maintained in good condition. When movements of the 
ground force any part of the work out of line, the disturbed sets may be taken 
out and replaced by new, or re-adjusted without difficulty; and, unless the 
ground is very bad, with a tendency to move in large masses, the perpen- 
dicular line of the shaft may be well preserved. © 

When it becomes necessary to retimber a shaft or any considerable part 
of it, the work is usually carried on in one compartment or one-half of the 
shaft, while the remaining compartments are kept for use in the ordinary 
operations of the mine. 

Nearly all of the deep shafts of the Comstock mines have required more 
or less retimbering; this has been especially necessary in the deeper portions, 
near the vein, where the ground passed through is sometimes very heavy, 
consisting of massive clay, which exerts a tremendous pressure upon the 
timbers. 'To withstand this latter it is sometimes necessary to resort to 
methods still more substantial than that just described. A portion of the 
Yellow Jacket shaft, passing through uncommonly heavy ground, has been 
lately timbered with double sets, an outer set inclosing the ordinary single set, 
giving additional strength to the frame. 

The deep shafts of the Gould and Curry, Savage, and Chollar-Potosi 
mines have all encountered very bad ground in depth, involving large expense 
for the proper maintenance of the work. 

Several hundred feet in each of these shafts have been lately retimbered 
with 14-inch timbers, placed in sets not four feet apart as just described, but 
close together, making a solid casing 14 inches thick. In the Chollar-Potosi 
shaft the sill-pieces are made in two parts of unequal length, one long and one 
short piece, and in each succeeding set these pieces are so placed as to break 
joints, the joint occurring opposite one or the other of the timber partitions 
between the compartments. The corners of the frame are joined together 
simply with a mitred joint as shown in Fig. 1, Plate II; and the end pieces 
are placed transversely between them, in such manner that the end of each 
transverse piece bears with half its thickness against two adjacent sill-pieces. 

Figs. 4 and 5, on Plate II, illustrate this method of construction. Fig. 4 
is a longitudinal section of a portion of the shaft, showing one end and two 


partitions. The sill-timbers are laid close together, one upon another; the end- 
14 
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timbers are placed in similar manner, but breaking joints with the sill-timbers, 
as shown in Fig. 5, which is an end view of the shaft. ‘The partition-timbers 
are placed like the end-timbers, one upon another; but their ends are not let 
into the sill-timbers by any gain or mortice; the sills are dressed smoothly to 
receive the ends of the partition-timbers, which are then put in place without 
any framing. ; 

The cost of sinking these shafts varies with the depth and the character 
of the ground. The actual cost per foot is not easily ascertained, because, in 
most cases, the expense of sinking the shaft is involved, in the accounts, with 
other general expenses of the mine, so that an accurate and minute analysis of 
costs is almost impossible. The most carefully detailed statement concerning 
the costs of this kind of work are found in the books of the Gould and Curry 
Company. Their shaft is of the same general character as that described 
above. It is 24 feet long by 4 feet 8 inches wide, inside measurement. The 
average excavation is about 7 feet by 26. It is divided into four compart- 
ments and timbered, as generally indicated in the foregoing, with 12-inch 
timbers, 

From the available accounts of this work it appears that the cost, per 
foot, of sinking and timbering the shaft, at a constantly increasing depth, was 
as follows :* 


Per foot. 

225 tect irom Jsurlace =... sce ee che ee eee ee ee eee $70 21 
200 feet. next followings? 252 2s): bee 2 ae ane ee 100 88 
200. feeb nextollowime/0 2 2 eA ok 2s fe ae een 135 34 
67 feet mext tollowing.! 22. 2 ee) ee be Sem eam a te 189 50 
187) feet mext stolons in gllS Gps ae ene ee een ee ae 224 99 
290 deet ext jolly: ainieles 6s eee eee ener ne ee 342 65 
129) teet, costins, on ie aveiate mere: ne eee ee eerste 180 22 


The shaft had reached a depth of 1,187 feet on November 30, 1869, but 


the cost of sinking during that year is not published in the last report of 
the company. | 


1 The reader is reminded that these values are expressed in coin. — 


j 
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The following statement shows the details of the cost of 187 feet sunk 
in 1867, and similar details for 879 feet, the depth attained on November 30, 
1867: 


Cost of 187 feet | 879 feet; total 
sunk during depth attained 


1867. Nov. 30, 1867. 
Fixcavatlony Wo Mame Mommas Raine vised Wttew so Eola $12, 865 00 $35, 189 50 
iM berate eet ee eee are Ss ie Saks ae eye I, 898 92 II, 569 59 
HEU DCH ae ene Me nogme TRB oN? Aer ota ee ch arse eS) We)! 17S I, 163 94 6,623 99 
Bramingyandy placing theisame!)=)):=/2s $s). '-) = 950 00 ) 
Bumperodssandwlaborthereon) =. (= «(2 sys = 55 =, = 367 31 { SAGs 2h 
PON Gr iG! HEE. tec ep Li A ee ie ees) era en 54I 25 832 25 
Canc lesmrmne ret) a: erg et Ry OPM SPS PL) LS YS 5) LED 456 65 I, 510 95 
pick sand dials bot aay se be ie ee ek le ee 716 05 2,757 55 
Carmengat surface and below, <2 "> = 3 =.= = = => - 2,486 50 6, 016 50 
Machine labor, engineers ; oil, and other material consumed in 20,626 64 46,904 52 
pumping and hoisting; work in setting pumps including 
$5, 000 for resetting engine in 1867. 
42,072 26 I17, 810 66 
ZS Ofeet SunkyimyUCOssatpa4 a Osu 1 aeg ah Sulee) sje) bola ay herpes) SoA oe) 85,662 50 
NotalRCOShOMm Tr L2Giiccty =m ramtaue sun see ssl Mees ho a Se a 203,473 16 


Oran average cost, for that depth, of $180 22 per foot. 


Drirts or Tunnets.—From the stations established in these shafts, 
drifts or tunnels are run for the purpose of reaching and extracting the ore, 
or for general exploration of the ground. These levels are usually 100 feet 
apart, vertically. In the Gould and Curry, where the deeper tunnels have 
been chiefly for exploring, they are 200 feet apart. 

The ground through which they pass is not very firm, being worked 
sometimes without the aid of powder. The deeper levels, however, have 
usually required blasting. They almost invariably need to be timbered, 
especially when the drift is designed for permanent use and not for the sole 
purpose of prospecting. Occasionally the character of the ground is very 
troublesome, and the most substantial methods of timbering prove inadequate 
to its support. 
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The method employed in timbering drifts or tunnels of the Comstock 
mines is generally similar to that in use in other mining districts. The tim- 
ber, however, is all square, varying in size from 8 to 13 inches. Ordinary 
working drifts, such as those connecting the main shaft with the vein, are 
about 5 feet wide in the bottom, 4 feet wide in the top, and 7 feet high. They 
are usually timbered with vertical sets or frames, consisting of two posts, a 
cap anda sill, or spreader. In the Savage these posts are 7 feet 2 inches 
high, the cap 3 feet 9 inches, and the sill 4 feet 9 inches long. These sets 
are placed from 2 to 6 feet apart, according to the nature of the ground. 
They are covered on the outside with lagging, which is likewise varied accord- 
ing to the condition just named, consisting sometimes of 6-inch scantling, in 
pieces 5 or 6 feet long, and placed several inches apart; sometimes of 3-inch 
or 4-inch plank placed close together, inclosing both sides and top, and some- 
times the bottom. Lagging, consisting of light scantling, placed several inches 
apart, is often preferred in heavy, swelling ground, as the pressure breaks in 
the pieces of scantling before affecting the stronger timbers of the tunnel-sets; 
by picking down the intruding clay and relieving the pressure, the more expen- 
sive timbers are saved. String pieces, usually of square stuff, or 3 inches by 
4 inches, are laid in the bottom on the sill-timbers and shod with flat iron 14 
inches wide by 4-inch thick, to serve as track for the drift-cars, and a footway 
of 2-inch plank is laid between the rails. 

Figs. 3 and 4, on Plate IV, illustrate the method of framing the tunnel- 
sets. Fig. 4 is the ordinary form; Fig. 5 is a style of timbering in use in the 
lower level of the Gould and Curry, in passing through very heavy ground. 
In the cases illustrated, the lagging consists of plank placed closely together. 

The following statement, furnished from the books of the Gould and 
Curry, gives the details of expense in driving and timbering one of the tun- 
nels at the first station of their shaft, 225 feet below the surface, at mouth of 
shaft, and 1,465 feet in length: 
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Cost of Tunneling in the Gould and Curry Mine, including Labor and Materials, 


(Length of tunnel, 1,465 feet, ata depth of 200 to 400 feet below the surface.) 


Total cost. Per foot. 

EX CAV ALON USEC Nae! ae mdon wow le iy are) dca |esbIE: O32 VSO $10 87 
AUTOS AN 25. 50 seme a ag See een eras am 3,120 60 By 1G) 
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For 938 feet on the second station, at a depth of 625 feet, the cost per 
foot for same details as furnished in foregoing table was $16 84, the costs 
of excavation alone being $11 45. 

The above statements include nothing for costs of pumping or hoisting. 
These would of course vary considerably, according to the amount of other 
works in progress in the mine, among which the total costs of pumping and 
hoisting might be divided. 

On the fifth station, where the rock was much harder, the cost of excava- 
tion for 406 feet was $16 92 per foot. For details as given in foregoing, 
including excavation, $20 93 per foot; and adding the proportionate costs of 
pumping and hoisting, an aggregate per foot of $36. 

On the sixth station, for 297 feet, the cost per foot for excavation alone 
was $18 30, and for details, as stated in table, $22 94; and adding proportion- 
ate costs of pumping and hoisting we have an aggregate of $40 97. 

It should be observed that the pumping and hoisting costs are large 
because at that time but little other work was in progress in the mine. 

Storing or Breastine.—The vein, or its ore-bearing portion, being 
reached by a drift or tunnel proceeding from the shaft, the work of extrac- 
tion begins and is almost invariably conducted by overhand stoping. The 
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first desideratum, under ordinary circumstances, is to connect the new level 
or station with the one above it by a winze, usually passing through the 
ore-bearing ground, by which means a circulation of air is effected and the 
necessary ventilation obtained. The stoping then commences, the work 
progressing from the level of the new station upwards towards the station 
next above; the ore, as fast as it is removed from place, being thrown down 
to the track-level and transported from the stope to the shaft by means of the 
drift-cars. 

The character of the quartz composing these ore-bodies is generally soft, 
granular, and sometimes friable. It can generally be worked with a pick 
without the aid of powder, though blasting is sometimes required. The ore 
is very finely, almost imperceptibly, distributed throughout the mass and with 
a general uniformity. Formerly the workable ores of the large producing 
mines were divided into three classes. The first-class, forming now a very 
small proportion of the whole and yielding, on an average, between $300 and 
$400 per ton, usually occurring in bunches or pockets in the quartz, is, when 
so found, removed to the surface in sacks. 'The second-class ores were such 7 
as yielded from $75 to $150 per ton, while the third-class gave from $25 to $50 
per ton. More recently, in some of the principal mines, these two classes, the 
second and third, have been worked together as one without any attempt at 
assortment. The average yield of these ores varies considerably in the differ- 
ent mines and will be referred to further on. In stoping the ground, there- 
fore, the entire mass of quartz is usually taken down and sent to mill without 
any classification as to quality, except in the case of first-class ores, when such 
occur. A rude assortment, however, for the purpose of distinguishing pay- 
rock from that which is too poor to send to the mill, is sometimes rendered 
necessary by the occurrence, within the mass of stoping ground, of belts of 
low-grade rock or bunches of barren quartz, which would otherwise be sent 
to the surface and worked at a useless cost. An experienced eye, aided, when 
necessary, by assays, can distinguish by inspection the pay-rock from that 
which is too poor to yield a profit. The latter then is assorted as well as pos- 
sible and retained underground for the purpose of filling up the exhausted 
chambers. This assortment, so far as observed, is not made by hand but by 
inspection of the ground before breaking, the pay-rock being picked down 
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separately and sent to the surface, the poor being dumped into the old stopes 
that remain to be filled up. This is sometimes important, because the neces- 
sity of fillmg up the exhausted stopes is so great, on account of the unsettled 
character of the ground inclosing the ore-bodies, that when the necessary 
dead-work of the mine does not supply sufficient material, waste rock must 
be mined especially for that purpose. This may cost from $1 to $2 per ton, 
and, consequently, quartz that will not yield a profit exceeding the cost of 
obtaining waste-rock for filling is usually employed for that purpose. In the 
Savage mine, where this was observed, the intended minimum value of quartz 
sent to the surface at date of visit was stated at $23 per ton. By some 
others, however, ore of much lower grade, and too poor to pay under existing 
conditions, is taken out to surface and held in reserve, awaiting the time when 
it may be made available by cheaper methods or reduced prices. 

The material inclosing the ore-bodies, or “bonanzas,” is of a very unstable 
character and involves an immense cost in timbering. The great mass of 
vein-matter is composed of “horses” of country-rock, chiefly propylite, associ- 
ated with immense sheets of clay. The ore-bodies frequently have selvages 
of clay of considerable thickness. The whole is soft, yielding, and, owing to 
its clayey nature, swells on exposure to the air, exerting an enormous pressure. 
The extraction of such immense bodies of ore, and the opening of such exten- 
sive chambers with insufficient support of the country-rock or vein-matter, 
induces large movements of the surrounding masses. In early days, the 
immense stopes, though timbered at an extravagant cost of material and 
labor, were not filled with waste-rock but allowed to remain open. Great 
caves of ground were, of course, the consequence, extending, in some cases, 
from the surface to a great depth. It is now the custom to fill up exhausted 
stopes as soon as possible after the extraction of the quartz, but the necessary 
outlay for maintaining the mine in proper condition for work is still very large. 
The means of obtaining waste-rock, as observed in the Savage, where the 
supply from the dead-work of the mine is insufficient, affords some indication 
of the character of the ground to be dealt with. For this purpose drifts, 30 
or 40 feet long, are driven at convenient points into the country-rock, or, more 
properly speaking, the barren vein-matter. These drifts are securely timbered. 
At the end of any such drift a chamber is excavated, about 10 or 12 feet high 
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and 20 or 30 feet in diameter, the roof, during excavation, being sustained by 
a few posts and plank. When the chamber has attained the desired dimen- 
sions these slight supports are removed. ‘The roof and sides soon begin to 
swell and fall in, supplying the material which is wheeled out and dumped 
into the stopes. The loose material being removed from the chamber, the 
swelling and falling continues for an indefinite period, affording a supply for a 
long time. 

Srope Timpnrine.—The difficulty of sustaiming ground of this nature, by 
any method of timbering, is not only in itself great, but is much increased by the 
large size of the chambers rendered vacant by the extraction of the bodies of 
ore. In the upper portions of the lode, worked several years ago, these cham- 
bers were much greater in extent than now. One in the Gould and Curry, 
400 or 500 feet in depth and length, is said to have been over 80 feet wide in 
places, while several others had a width of 45 or 50 feet. At that time, more- 
over, nearly all of the quartz was removed in working and no provision made 
for filling the stopes with waste material to replace the ore extracted, leaving 
these immense spaces to be kept open by timbering, which, to be efficient, even 
for a time, needed to be of the most substantial sort. Methods ordinarily in 
use in veins of moderate width and in firm rock were found to be insufficient. 
To meet the necessities of the case a method of timbering was introduced, which 
is said to have been devised by Mr. Didesheimer, then of the Ophir mine 
which, though meeting with some opposition on account of its great cost, has 
since been generally adopted and is now used by all the mines on the lode. 
This consists in framing timbers together in rectangular sets, each set being 
composed of a square base, placed horizontally, formed of four timbers, sills, 

_and crosspieces, 4 to 6 feet long, framed together, surmounted by four posts, 6 
to 7 feet high, at each corner, and capped by a frame-work similar to that of 
the base. ‘These cap-pieces, forming the top of any set, are at the same time 
the sills or base of the next set above, the posts, as the sets rise one above the 
other in the stope, being generally placed in position directly over those below. 

This somewhat complicated system of timbering may also be described, 
in other terms, as a succession of horizontal floors, composed of timbers that 
are framed together in rectangular sets, 4 to 5 feet square, the floors being 
supported one above the other by posts 7 to 8 feet high. Fig. 2, on Plate IV, 
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and the perspective view on Plate V, illustrate this method of timbering in 
stopes. Fig. 2, Plate IV, presents an elevation and a plan of a single set, 
showing the details of the framing; while the view on Plate V shows the 
general arrangement of a series of sets when put together in a stope of the 
mine. 

The timbers are usually of 12-inch stuff, square-hewn or sawed. They 
are framed with much care so that the various parts fit snugly together. Each 
piece, excepting, occasionally, the ground-sill or foundation-timber of a new 
series of floors, as explained further on, is cut and framed separately. This is 
sometimes done by hand, sometimes by machinery. ‘The latter is the case at 
the Savage, where a system of circular saws and planers, adjustable by set- 
screws, is so arranged that the piece of timber, held firmly by appliances 
which permit of its being easily revolved or moved to and fro, can be brought 
against them, the saws cutting the tenons of any desired dimensions and the 
planers cutting the shoulders, either square or beveled. 

In the Savage mine the posts of the sets, above described, are 7 feet 2 
inches high, including the tenons. ‘These latter, 8 inches square or 8 by 10, 
are 9 inches long on the upper end of post, and 2 inches long on the lower 
end; and as the caps and sills have 4-inch shoulders cut for the admission of 
the ends of the posts, there remain 6 feet 3 inches in the clear between sills 
and caps of each set. The sills and caps, 3 feet 9 inches in the clear, also 
have short tenons on each end and shoulders cut to receive the ends of the 
posts and horizontal cross-pieces. 

In some cases this method of framing is varied to suit the varying condi- 
tions 6f the ground, so that, if the pressure is chiefly a vertical one; the tenons 
of the posts are cut as just described, bringing the ends of each post in direct 
contact with its neighboring post, above and below, without introducing 
between them the tenons of the horizontal timbers, which would offer less 
resistance to a pressure at right angles to the fibre of the wood; while if the 
pressure be lateral instead of vertical the tenons of the posts are made short 
and those of the horizontal timbers long, so that the latter may press directly 
against each other without the intervention of the post-tenons. 

The stoping is, as already observed, all carried on overhand; that is, a 
station, or level, is opened under the body of ore to be worked out and the 

15 
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progress of mining goes on from below upwards. In commencing the timber- 
ing of a stope, as for instance, at a new station or level, commonly called the 
“track-floor,” the ground-sills are usually laid parallel with, though sometimes 
at right angles to, the direction of the stope, or the walls enclosing the body 
of ore, and are frequently timbers of sufficient length to serve as the sill for 
several sets. The end of a ground-sill is so framed, projecting a few inches 
beyond the last post, that the next adjoining sill-timber, to be laid as the stope 
progresses, may be spliced to the one already in position, the joint being made 
under the post, as shown ats in Fig. 2, Plate IV. ‘The sills being laid and 
the cross-pieces adjusted in position, the posts are raised and the cap-timbers 
are fixed in their places, everything being fitted carefully and closely together. 
No pins, bolts, or keys are employed in the framework. ‘The walls of the 
chamber are sustained by a lagging of plank, inserted between the timber 
frame and the adjacent rock. 'This lagging consists of 3-inch or 4-inch plank, 
laid next the timbers and wedged, when necessary, by spiling. In time the 
lateral pressure of the ground holds everything firmly in place. 

After a set of timbers has thus been introduced and finally put in place, 
a floor of 3-inch planking is laid upon it, to serve as a footing for the workmen 
in the space above. From this comes the local term of “floor” to designate 
any particular place or point in the mine; the stations or levels, about 100 feet 
apart, being numbered from the surface down, first, second, third, and so forth, 
the floors being similarly numbered upward, between the several stations or 
track-floors. 

In working a stope thus the whole width of the workable ground in the 
body of ore is taken down at once and the timbering supplied in its place, the 
advancing breast of the stope being carried forward from wall to wall; in 
bodies of ordinary width this is from 10 to 20 or 25 feet, requiring, therefore, 
in cross-section from two to six sets of timber, like those just described. 

In commencing a stope on the level of a new station the ground-set 
or first floor is put in, and as soon as sufficiently advanced in the direction 
of the stope the next set above is placed on the first of those below. Both 
then progress at about the same rate, the lower floor being kept sufficiently in 
advance of the upper to furnish platform and working room for the men above. 
As the work progresses, one set or floor is raised above the other until the 
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station above is reached, each floor being kept a little in advance of the one 
next above, as indicated in the drawings on Plates IV and V. 

When it becomes necessary, on account of the unsettled character of the 
ground, or for other reasons desirable, to extract the body of ore as speedily 
as possible, it is not uncommon to commence at the same time a floor on the 
level of the station and another floor halfway between the given station and 
the one above. For this purpose a winze is sunk from the upper station to 
the one below. From this winze the stopes are started, one on the lower 
station and one 50 feet higher. The lower series of floors, usually six or 
seven in number, rising one above the other, arrive at length directly under 
the 50-foot sill, as the lower floor of the upper series is termed. By this time 
the mass of timbering is held in place by lateral pressure with sufficient 
security to allow of introducing, without difficulty, the timbers to be placed 
directly under the 50-foot floor. Fig. 1, on Plate IV, is an illustration of this 
proceeding. The main body of stopes, visible in the drawing, have been 
started and carried on from the winze, W, that connects the upper with the 
lower level. The stoping on the extreme left has proceeded in similar man- 
ner from another winze, further to the left, the stopes advancing to meet each 
other. After the available ground has been exhausted the plank of the floors 
are removed for use elsewhere, and the vacant chamber filled with waste 
material. 

The expense of this work is, of course, very great, both for material 
and labor. The cost of the timber is from $30 to $40 per thousand feet,! 
board measure, and the consumption is enormous, making the timbering one 
- of the largest items of expense in the Comstock mines. 

In the Gould and Curry the costs of framing (by hand) the mining 
timbers just described were from 46 to 60 cents apiece for posts, 35 to 40 
cents for caps, 25 to 30 cents for cross-pieces, or girths, and $1 20 to $1 50 
for sills. Shaft-timbers cost, at same mine, framed by hand, about $20 per 
set ; tunnel-timbers $1 to $1 50 per set for framing alone, not including any 
costs of placing under ground. 

In the Gould and Curry, in 1864, the supply of timber for use in the 


1 These prices have been reduced since the completion of the Virginia and Truckee 
railroad. 
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mine cost $160,488 76, or nearly $2 50 per ton of ore produced. In 1865, 
for same purpose, were expended $147,382 92, or over $3 per ton. 

The following statement, prepared from the annual reports of the Savage 
Mining Company, shows the consumption and cost of timber used in their 


mine during three years: 
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The cost as stated in the foregoing applies to the material alone, without 
including the labor of framing and putting in place. It covers the whole 
amount of timber and lumber used in the mine, in all the various departments 
of the work, and may be analyzed about as follows: 


Cost of Timber and Lumber consumed in the Savage Mine per ton of ore produced. 


; : In extrac- | In prospect-|Inaccessory|In improve-| Total per 
During year ending June 30— : : 
tion of ore. | ing work. work. ments. ton. 


Cents. Cents. Cents. Cents. Cents. 


In the Hale and Norcross Mine the cost of timber during the past two 
or three years is shown by their reports to be about $1 per ton of ore pro- 
duced. 

Ore Extraction.—The ore, as it is worked out or broken down by the 
miners in the stope, is thrown down to the track-level of the station below, 
either falling upon the floor of the drift or into a receiver or bin, whence it is 
loaded into the drift-car and carried to the shaft. There the car, containing 
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its load either of ore or waste-rock, is placed upon the cage or platform in the 
shaft and raised to the surface, where it is run from the cage on to another 
track and so conveyed to the appropriate ore-bin or waste-dump, according 
to its character, and thus delivered of its load without any intermediate hand- 
ling. 

The car in general use in the Comstock mines is made of wood and has 

a capacity of about 1,600 or 1,800 pounds. That employed at the Savage 
may serve as an example. Fig. 1 on Plate VI presents an elevation of the 
side and front end of one of these cars. The box is made of plank 14 to 2 
inches thick, lined with sheet-iron and strengthened with iron bands on the 
outside. It is 3 feet 10 inches long, 2 feet wide, and 2 feet 4 inches deep, 
inside measurement. The truck on which it is supported is a stout frame of 
four timbers, the two longitudinal pieces having their front ends beveled off 
to admit of the car being dumped. A cross-timber near the middle of 
the frame supports the car, and an iron pin attached to the car-bottom 
passes through the same, serving as a pivot on which the box may be turned 
to either side and dumped. Another cross-timber on the frame supports the 
hind-end of the box. The wheels are cast iron, about 12 inches in diameter, 
turning on the axles, which are fixed on the truck. A little cap may be 
screwed on to the wheel over the end of the axle, to retain the oil and exclude 
the dirt. The track is about 18 or 20 inches wide, so that the wheels are 
under the car-box. The front end of the car is hinged at the top to swing 
as a door for the discharge of the contents. It is closed by a button that may 
be turned up to confine the door or turned down to release it; the button 
being fixed on an iron rod passing under the car to the back end, is controlled 
by the man who pushes the car before him, An iron rod at-the back end of 
the car which, when adjusted for that purpose, serves to prevent the box from 
_ Swinging on its pivot, is so connected with the rod on which the button is 
fixed that the door of the car may be opened and the box made free to swing 
to either side by one and the same movement on the part of the carman. 

The weight of this car is from 400 to 500 pounds. 

Horstine Cacus.—Cages, or platforms, are generally employed in the 
hoisting compartments of the mine-shafts for the ascent or descent of the 
underground laborers, and of the drift-cars bringing rock or ore to the surface. 
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The construction of the cage employed at the Savage mine for this purpose 
is illustrated by Figs. 1 and 2 on Plate VII. 

The bottom of the cage is a simple platform, 5 or 6 feet square, accord- 
ing to the size of the compartment, formed of wrought-iron bars firmly joined 
together and covered by a floor of wood, provided with pieces of track iron 
on which to receive the car. ‘The two sides of the cage, above the platform, 
which are next the guides in the shaft, are formed of a simple but stout frame- 
work of iron, 7 or 8 feet high, joimed at the top by a central cross-bar connect- 
ing them, above which is a stem or vertical rod of iron by means of which 
the whole is attached to the hoisting cable. ‘The two sides of the cage, be- 
tween the frames, are open for the admission or exit of the car, men, or mate- 
rial with which the cage is loaded. 

The cage is guided in its movement in the shaft by two vertical strips of 
wood, or guide-rods, 4 inches by 6 inches in size, attached to the lining of the 
shaft, one on each side of the cage, and extending from the surface to the 
bottom. 

Attached to the cage on each side, near the top and bottom, are iron 
flanges, f, Fig. 1, commonly called “ears,” so made as to embrace the wooden 
guide-rods already referred to. The mode of construction of these flanges is 
very simple, and may be easily understood by reference to the figure. The 
wooden guide-rods are in general use and have replaced those of iron that 
were formerly employed in some places. They are better adapted to the 
action of the “safety catches” described in a following paragraph, and per- 
mit an easier movement of the cage while allowing sufficient play to prevent 
the cage from binding or sticking fast, an accident which is sometimes liable 
to occur whenever the shaft or the guides are a little out of line, and which is 
likely to be followed by serious consequences. 

Some of the cages in general use are constructed as simply as possible, . 
with the only end in view of providing a suitable platform for the support and 
transportation of the car or other load. Others are constructed in different 
mines with various appliances to insure safety, so that in case the cable or 
winding apparatus should break, the progress of the cage may be arrested 
wherever it may be at the moment of the accident, and so preserved from fall- 
ing to the bottom with its load. 'The various devices applied for this purpose 
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to these “safety cages” differ'a good deal in detail of construction, and, prob- 
ably, in degree of efficiency, but they generally depend on a spring so fixed, 
with regard to the rod by which the cage is attached to the cable, as to be 
compressed while the weight of the cage exerts any strain upon the cable; 
but if that strain is relaxed by the breaking of the cable or other parts of the 
winding machinery the spring is permitted to act upon some mechanical con- 
trivance by means of which stout iron teeth are forcibly projected against, or 
caused to grasp, the guides along which the cage is moved. These teeth are 
so arranged that when the spring is compressed they move along the guide 
without coming into contact with it, but when the spring is relieved act with 
the greater force the heavier the load on the cage. 

The contrivance on the cages used at the Savage mine may be seen in 
the drawings on Plate VII. A horizontal movable bar of iron, 8, Fig. 1, 
crosses the cage near the top, from side to side. The lifting-rod, 7, by which 
the cage is attached to the cable, passes through this bar and is so connected 
with it that the latter may move upward and downward between guides, g, g, 
according as the rod is raised or suffered to fall. When the rod is raised by 
the strain of the cage on the cable the bar is elevated, but if the strain on 
the cable is relaxed, the rod consequently falling, the bar moves downward 
and a strong spring, s, is introduced to force it down whenever this condition 
occurs. To each end of this cross-bar, on opposite sides of the cage, is 
attached at right angles a shorter horizontal bar, c, Fig. 2. To each extremity 
of each of these last-named bars, ¢, c, is attached one end of a system of levers 
by means of which two stout iron teeth or “dogs,” ¢, 4, at the other end, are 
thrown against the guide-rods in the shaft when the cross-bar is down, or 
drawn from the guide-rods when the cross-bar is raised. 

In Fig. 2 this contrivance is shown in such manner that the action of 
the levers can be readily traced. The cage not being suspended by the 
cable the cross-bar is depressed and the teeth are almost in contact with each 
other, in the position in which they would grasp the wooden guide-rods were 
the cage in the shaft without its usual support. The dotted lines indicate the 
position of the levers and teeth when the cage is hanging on the cable and 
the cross-bar, 0, is raised. i 

This kind of safety catch has been proved to be very efficient. In the 
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month of February, 1867, a cage was descending at usual speed, with thirteen 
men, when by a singular accident the cable became detached from the lifting 
rod of the cage. The latter stopped almost immediately, but with so little 
shock that the men on the cage were not even led to suppose that an accident 
had happened. The engineer, not perceiving any difficulty, continued to 
unwind the cable, which, passing down between the cage and the side of the 
shaft, attracted the attention of the men, who rang to stop. Another cage 
was sent down in the adjoining compartment, when the state of the case was 
discovered and the men relieved. 

Eccentric Sarpty ATTaAcHMENT.—Another appliance for insuring safety, 
more common, and by some preferred to the one just described, is that known as 
the “Eccentric.” This is illustrated by drawings on Plate VIII. The gen- 
eral form of the cage may be the same as in the case already described. The 
contrivance for insuring safety consists in two round shafts, or rods, a, a, which 
extend across the cage from side to side, parallel to the central cross-bar, 6, of 
the main frame. They are supported by the main frame of the cage in such 
manner that they may revolve freely, and they extend beyond the sides of the 
cage so that their ends are opposite the wooden guide-rods, ¢, ¢, of the hoisting 
shaft. To each end of these two rods are attached the eccentrics, d, d, which 
are circular pieces of cast iron, supported, as their name implies, in such 
manner that the center of the shaft, a, or axis of revolution, does not coincide 
with the center of the circle. That part of the circumference of the circle 
which is nearest to the point of support is smooth, but that which is more 
remote is furnished with teeth, so that, when the shafts, a, a, are in such position 
that the smaller diameter of the eccentrics is turned toward the guides, they 
may move freely, up or down, without coming into contact with the guides; 
but if the shafts, a, a, be turned so as to present the larger diameter of the eccen- 
trics to the guides, the latter are grasped by the teeth just referred to. Each 
eccentric rod is furnished with a chain, e, one end of which is fixed to the rod, 
and, winding round it, is attached at the other end to a bolt, which passes 
through the cross-bar, 6. Between the head of the holt and the cross-bar, a 
strong steel spring, f, is interposed, the tendency of which, when compressed, 
is to cause the shaft, a, to revolve in such manner as to bring the teeth of the 
eccentrics into contact with the guides. The chains, g, g, by which the cage 
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is supported, are fixed at one end to the upper part of the lifting rod, h, while 
the other end passes around the shaft, a, as seen at 2, Fig. 2, and is attached to 
it, so that the tendency of this chain, while there is any strain on the cable, is 
to revolve the shaft, a, in such manner that the eccentric teeth are turned away 
from the guides. If, however, by the breaking of the cable or other reason 
this strain be relaxed, the springs, f, f, act upon the shaft, a, and turn the 
eccentric teeth toward the guides, thus preventing the fall of the cage. This 
movement is assisted by the spring, 7, which is interposed between the bottom 
of the lifting rod, h, and the ring, 4, through which the rod passes. 

This style of safety attachment has been repeatedly tested by accidents 
which, but for the efficiency of the contrivance, would have proved fatal to 
life. 

The cage is sometimes furnished with a hood or covering of iron, usually 
made of boiler-plate, for the purpose of protecting the men from the danger of 
the cable, if broken, or other bodies falling in the shaft. Sucha hood is shown 
in Figs. Land 2, Plate VII. Itis usually, though not in the case illustrated, hinged 
in the middle, so that the two sides may be turned up when it is desired to send 
down long timbers on the cage. The necessity, for other reasons, of having 
the hood made in two hinged parts was shown by an occurrence in the Gould 
and Curry mine, some time since, when two men, who were being lowered to 
the bottom of the mine, found themselves descending below the surface of 
the water, which had risen higher than they had supposed. They endeavored 
to climb upward, but the hood not being a hinged one they were securely 
imprisoned in the cage. Fortunately a signal reached the engineer in time to 
save them from drowning. Iron hooks underneath the hood serve to keep it 
securely closed when so desired. 


When the cage arrives at the surface it is desirable that it should be 
sustained at a fixed point, on a level with the floor at the landing of the shaft, 
so that the car may be easily run off or on. For this purpose there are sup- 
ports arranged, on which the cage may rest while standing at the shaft-mouth. 
These supports consist of four tappets, two on each side of the shaft, just 


below the floor. They are fixed upon a light iron shaft which may be partly 
16 
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revolved, turning the tappets upward entirely out of the path of the cage 
when the latter is to be lowered. The cage in ascending, striking the tappets, 
raises them in passing, when they fall again into place and the cage is lowered 
upon them. When the cage is ready to descend again it is first raised a few 
inches, the tappets are turned up out of the way by means of a lever within 
reach of the lander, or man who attends to the car, and held in that position 
until the cage has passed down. This contrivance is illustrated in Fig. 3, on 
Plate VII. The drawing represents a section of the mouth of the shaft and 
of the platform of the cage, taken through the line zz of Fig. 1. 

P, Fig. 3, is the platform of the cage, and p, p are the cross-bars of the 
frame, to which the tappets, 4, h, afford support when in the position shown in 
the drawing. The tappets are fixed on light, round shafts below the floor, and 
may be revolved slightly toward or from the cage by means of levers, one 
end of which, the handle Z, is within reach of the attendant, and the action 
of which may be readily understood by an inspection of the drawing. The 
dotted lines indicate the position of the various parts of this contrivance 
when the lever Z is drawn back, so as to turn the tappets out of the way of 
the descending cage. By this movement the springs, 7, 7, are forced into the 
position indicated by dotted lines, and cause the tappets to return to their 
former place as soon the lever Z is released by the attendant. A similar ar- 
rangement is sometimes employed at the different stations in the shaft, though 
usually, when hoisting is in progress from any particular station, it is common 
to place a few planks across the shaft for the cage to rest upon. 

The car, while on the cage platform, is held securely in place, sometimes 
by hooks fitting into staples in the body of the car, sometimes by tappets, 
which being fixed under the platform may be turned up so as to block the 
wheels of the car or turned down again to permit its exit. These blocks are 
controlled by handles, 4, £, on the sides of the cage, as may be seen in the 
drawings. It will be observed that the handles not only extend in opposite 
directions but are attached to opposite sides of the cage, as shown in Fig. 1. 


The speed with which cages are hoisted varies in the different mines 
from 300 or 400 to 800 feet per minute, or even more. With an average 
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speed of 400 feet per minute, which is employed at the Savage, it is easy 
to see that the capacity of the shaft is large. Twelve cars per hour, 
bringing 10 tons of rock to the surface, can be raised from depths now 
reached in each compartment when necessary; a hoisting capacity fully 
equal to the means of transportation employed below ground, between 
the stopes and the shaft. Under ordinary circumstances this dispatch is not 
required or attained. Three hundred tons per day, including both ore and 
waste-rock necessarily hoisted, is about the average duty required of the 
Savage shaft during the past two or three years ; and this is easily performed. 

In the Savage, Gould and Curry, and other deep shafts of four compart- 
ments, two of the three devoted to hoisting are commonly used for raising ore 
or cars from the stations connected with the stopes, while the third compart- 
ment is reserved for use in sinking the shaft, inasmuch as the bottom must be 
kept clear of rock and water in order that the work of sinking may proceed 
without interruption. Although the timbering of the shaft usually progresses 
with about the same speed as the excavation of the ground, it sometimes 
happens that the bottom is considerably below the last set of timbers and for 
this reason in some shafts a bucket or kibble is used in the sinking compart- 
ment, because that does not require guides or completed timbering as does a 
cage. Such is the case in the Gould and Curry, where in the sinking com- 
partment, as it is called, a bucket is used for hoisting from the bottom, while 
cages are employed in the other compartments. In the Savage, however, 
a cage is used in the sinking compartment, its use being made feasible by a 
timber framework, made to fit the compartment and move between the guides 
as the cage itself does. This frame is attached to the cable, and is of such 
length that the platform on which the car stands may be lowered, at the 
bottom of the shaft, eight or ten feet below the last set of timber, while the 
upper end of the frame remains confined between the guides. The car thus 


receives its load at the deepest point as easily as a bucket might, and 


discharges at the surface with much greater convenience. 

The transportation of the men between the surface and the underground 
works is done entirely by means of the cages. No ladders are employed for 
the purpose. ‘Twelve men ride at once upon the platform. A short time 
suffices to put the entire force of laborers underground or to take them out. 
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Accidents sometimes occur, but they are usually the results of carelessness on 
the part of the sufferers, either in climbing upon or crowding the cage, or 
otherwise violating the simple rules of safety. 

The winding apparatus and other machinery employed at the surface in 
hoisting and pumping will be described after reference to the pumps placed in 
the shafts. 

Pumping Macuinery.—The pumps usually employed in the several 
deep shafts of the Comstock lode are all of the same general character, and 
do not differ essentially in principle from those used in deep mines in other 
countries. They are either lifting pumps or force-pumps. In a complete set 
of deep pumps the two kinds are combined, the former being applied to rais- 
ing the water from the bottom of the shaft to a height adapted to the capacity 
of a single pump, the latter for forcing the water thence upward to the point 
of discharge. 

The Lifting Pump, Fig. 7, Plate IX, consists of a cast-iron cylinder, or 
“working barrel,” from 8 to 12 inches in diameter and from 8 to 12 feet long, 
smoothly turned inside, in which a closely-fitting piston, P, that has an upward- 
opening valve, v, may be caused to move up and down by means of a rod to 
which it is attached. At the bottom of the cylinder is a valve, V, opening 
upward, by means of which the water once drawn from below into the cylin- 
der is retained there. Below the cylinder is the suction pipe, S, dipping 
below the surface of the water to be lifted. Above the cylinder is an iron 
pipe or column of elevation, C, in which the water is raised, by the upward 
movement of the piston, to any desired height. When the piston in the 
cylinder is moved upward, its valve remaining closed, and the lower end of 
the suction pipe being immersed in the water, the pressure of the exterior 
air causes the water to rise in the suction pipe, S, and to pass through the 
retaining valve, V, at the bottom of the cylinder, in accordance with the well- 
known principle involved in all suction pumps. On the downward stroke of 
the piston the retaining valve, V, at the bottom of the cylinder, closes, while 
the valve, v, in the piston, opens and the water passes through the piston. On 
the succeeding upward stroke the water, now above the piston, is lifted by it, 
while a new supply is drawn into the cylinder in the manner just described, 
to be lifted by the next upward stroke. 
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The pipe or column in which the water is raised above the piston is 
sometimes placed upon and directly over the cylinder, in which case the rod 
to which the piston is attached passes up through it and is connected above 
with the motive power; but commonly the pipe, or column of elevation, is 
fixed at one side and connected by a short horizontal or curved piece, 4, with 
the cylinder, the top of which is then fitted with a stuffing-box, g. The pis- 
ton-rod passes through the latter and is then connected with the main pump- 
rod, #&, working in the shaft, from which it receives its motion. 

The column may be of any desired height to which the strength of the 
material is adapted. As the lifting pump is generally only employed in the 
Comstock mines at the bottom of the shaft to raise the water to the force- 
pump above, the height of its column varies according to circumstances. In 
shafts where sinking is in progress the column of the lifting pump is con- 
stantly being extended as the shaft deepens, until a sufficient depth, 200 
feet or more, has been attained for the convenient establishment of a force- 
pump, when the lifting pump is detached from the column, the force-pump 
put in its place at a suitable distance above the bottom, and the lifting 
pump again employed for sinking deeper with a short but gradually extending 
column, 

The Force-Pump or Plunger-Pump, Fig. 1, Plate IX, forces the water upward 
in its column of elevation by the descent of the piston or plunger. This 
pump consists of a cast-iron cylinder or “plunger-case” usually 10 or 12 feet 
long and from 8 to 12 inches in diameter, in which a solid cylindrical piston, 
P, nearly as long as the cylinder, is caused to play with an upward and down- 
ward motion; the piston passes through a stuffing box, g, at the top of the 
cylinder, and is then connected with the pump-rod, £’, that gives it motion. 
Below the cylinder is a side or branch pipe, H, connecting the cylinder with 
a valve-chamber, 0, and the column of elevation, C. The valve, V, in the 
chamber, 0, retains the water drawn through it from the wind-bore or suction 
pipe S, which is immersed in the cistern. The valve, v, at the bottom of the 
column of elevation, C, opens for the passage of the water into the column 
and closes to retain it there. When the piston ascends, the valve, V, opens 
and the space in the cylinder, below the piston, fills with water; when the 
piston descends, the valve, V, closes, the valve, v, opens, and the column of 
water is forced upward to the point of discharge at any desired height. 
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The piston or plunger of the force-pump is a smoothly-turned cylinder 
8 to 12 inches in diameter and 10 or 12 feet long. It is cast hollow, of iron 
about one inch in thickness. In order to attach it to the pump-rod, by which 
it is set in motion, a suitable stick of timber, considerably longer than the 
piston, is made to fit snugly into the inside of the cylinder or hollow piston, 
entirely occupying the interior space; being driven tightly in it is wedged at 
the bottom. The top, projecting above the end of the cylinder, is then 
attached to the main pump-rod, #, in manner shown in the figure. 

Another method, used at the Savage, Fig. 2, Plate IX, is to have the 
plunger cast with a stout flange at the upper end, by means of which a head. 
of cast: iron is bolted to it, carrying two uprights with a stout iron pin, as 
shown in the drawing. 'To the end of the pump-rod is securely attached an 
iron stub-end, which is furnished with a strap, boxes, gib and key, forming a 
connécting link such as is commonly used in attaching the connecting rod of 
an engine to the crank pin. By means of this link the pump-rod is attached 
to the pin in the head that is bolted to the plunger, as just described. 

The plunger-case and valve-chambers rest upon stout timbers, which are 
firmly established in the shaft in the most substantial manner. The column 
rests upon the valve-chamber, and is itself further supported by timbers 
fixed at intervals in the shaft and so arranged as to embrace the pipe 
directly under the flanges by which the sections of the column are joined 
together, and furnish a bearing for these to rest upon. This is illustrated by 
Figs. 3 and 4, Plate IX. The pump-column, generally used at the more 
important pumping works on the Comstock, is a pipe having a diameter of 
12 or 14 inches. It is composed of sections about 10 feet long. The sections 
are made of wrought iron or boiler-plate, usually 33; of an inch thick, strongly 
riveted together in cylindrical form. The plate employed is little more than 
3 feet wide, so that three cylindrical pieces riveted together form a section 
of the column. At each end of each section a stout flange of cast iron, as 
shown in Fig. 3, Plate IX, is riveted to the plate, by which means the sec- 
tions are connected. In other mining regions the pump-column is usually 
formed of cast pipe. On the Pacific coast the pipe, made as above described, 
is preferred on account of its comparatively less weight, a consideration of 
much importance where freights are so high. 


It will be seen from the foregoing that the force-pump performs its work 
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of raising the water on the downward stroke of the piston, while the lifting 
pump does its duty on the upward stroke. The force-pumps need to be very 
firmly set, and are therefore only employed where they can be permanently 
and solidly established in a position easily accessible for repair and not 
very liable to be submerged. The lifting pumps are well adapted to work 
in the bottom of the shaft, their method of construction and operation fitting 
them to draw water from the very bottom of the shaft without the use of a 
cistern, and to be extended, foot by foot, as the sinking proceeds; not requiring 
to be placed with so much care as the plunger-pumps, and having also 
the advantage of being operated as well even when the water rises above them 
in the shaft. 

In order to extend the pump in depth as the sinking proceeds, the work- 
ing parts of the pump, namely, the suction-pipe and working barrel, being 
suspended by heavy chains to a winch or windlass fixed at the station above, 
are detached, with the connecting pipe, from the bottom of the column, and 
lowered 10 or 12 feet, sufficiently to allow of introducing another length of 
pipe under the column, already in place; this additional length having been 
attached to the column, the working parts are again connected with the 
column thus extended, and are continued in operation until the sinking has so 
far progressed as to require the addition of another length of pipe, when the 
above-described proceeding is repeated. In the Comstock mines the sucticn- 
pipe, dipping into the pool of water at the bottom of the shaft, is usually a 
stout hose pipe, of diameter equal to that of the short iron pipe below the 
working barrel, to which it is closely fitted and attached. It is made of one 
or more thicknesses of canvas, rendered water-tight by applications of tar or 
other material of like properties. It has the advantage of flexibility and may 
be more easily protected against injury during blasting than iron pipes, com- 
monly used elsewhere. ‘The lifting pump discharges into a cistern from 
which the force-pump takes its supply to be raised to the surface or to the 
next cistern above. 

The motion of the piston, or plunger, in its cylinder is imparted to it by 
the pump-rod, a continuous piece of timber, which is suspended in the shaft 
alongside of the column, extending from the surface to the bottom of the 
mine, and to which the plungers are attached. The pump-rod is composed 
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of timbers 8, 10, or 12 inches square, joined to each other so as to form a con- 
tinuous piece. The method of joining the sections composing the rod varies 
in different mines. In the Savage mine the rod is of pine, 12 inches square, 
each section being 30 feet long, The sections are joined by a simple splice, 
as shown at @ in Fig. 1, Plate 1X, and strapped on four sides with iron plates 
12 feet long, 6 inches wide, and 4 inch thick, securely bolted together by 
bolts 1 inch in diameter. In other mines the sections of the rod are joined 
in a more complicated manner by a beveled splice and key, as shown at 5 in 
Fig. 6, Plate [X, and strapped in manner similar to that just referred to. In 
the Gould and Curry, Ophir, and others, the square ends of the sections are 
brought together without any splice whatever, and joined simply by means 
of the iron straps. In the Ophir the straps on two sides of the rod are 
formed as shown in Fig. 5, Plate IX, so that a key can be inserted at c. 
When these keys are driven in as tightly as possible, so as to bring the two 
ends of the timber closely together and so prevent any lost motion in the 
action of the rod, the two straps for the remaining two sides are put on and 
bolted together. 

The motion of the rod is communicated to it from the engine by means 
of an oscillating “bob,” established at the surface. The construction of a bob 
may be seen by reference to the figures on Plate X, which give the details 
of one used at the Gould and Curry mine. In the case illustrated the bob is 
made entirely of wrought-iron. Its method of operation is shown in the 
drawing on Plate XVI. The pumping engine drives, by means of the pin- 
ion, the pump wheel, to one side of which is attached, by means of a wrist- 
pin, one end of the pitman. As the wheel is set in revolution by the engine, 
the pitman receives a reciprocating motion, the length of stroke being 
determined by the distance of the wrist-pin from the center of the wheel. 
The other end of the pitman being connected to the king-post of the bob, 
causes that to oscillate, giving to the pump-rod in the shaft an upward and 
downward motion. The upper section of the rod is usually connected to 
the nose of the bob and the next lower section of the rod by means of a 
strap and boxes, so as to allow for the vibration caused by the angular motion 
of the bob; deeper in the shaft the sections are joined together as already 
shown, forming one continuous piece, which is guided in its movement by 
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timbers, ¢, ¢, Fig. 5, Plate IX, fixed across the shaft at right angles so as to 
confine the rod on four sides and prevent vibration. 

The timbers, ¢, ¢, Fig. 5, which are placed in the shaft at frequent inter- 
vals, also serve to prevent the rod from falling far, in case of fracture, by 
furnishing support to the catching pieces, d, d, which are attached to the rod 
for this purpose. 'These catching pieces are attached by iron clamps or straps, 
which are sometimes applied as shown in Fig. 5, where each clamp embraces 
the main rod and only one side-piece; or sometimes, as shown in the attach- 
ment of the plunger to the main rod in Fig. 1, where each clamp embraces 
the rod and both side-pieces. The arrangement in Fig. 5 is preferred by 
some, as each side-piece is thus attached independently of the other. 

The length of stroke, or upward and downward movement of the rod, 
varies from 8 or 4 to 7 or 8 feet, and the number of strokes per minute varies 
from 3 or 4 to 10 or 12, according to the size and character of the pump and 
the duty required of it. The pump-rod being continuous, where several 
pumps are employed in a series, one above the other, as is the case in deep 
shafts, the plungers or pistons of all the pumps so placed are attached to the 
same rod in manner shown in Fig. 1, Plate IX. 

The weight of the rod in most cases considerably exceeds that of the 
water to be raised, so that, descending by its own gravity, it exerts sufficient 
force to raise the column of water without requiring additional power from 
the engine. For the next stroke, however, the engine must lift the total 
weight of the rod to the required height. 

In order to prevent the too rapid descent of the rod and to equalize the 
work of the engine on either stroke, counter-weights are .attached to the 
opposite end of the oscillating bob at the surface. The descending rod must 
raise the counter-weight, which, on the reverse stroke, assists in lifting the 
rod. In deep shafts, as the rod increases in length and weight, additional 
counter-weights are applied by establishing at various stations in the shaft 
similar oscillating bobs, attached at one end to the rod and bearing at the 
other end a heavily weighted box. 

Nearly all the deep-working mines on the Comstock are now supplied 
with Jarge pumps, similar in general character and method of arrangement to 


such as have just been described, and varying from 10 to 14 inches in diam- 
17 
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eter. In the Savage mine the pumps are 10 and 12 inches in diameter. The 
water is raised from the bottom of the shaft, about 1,000 feet deep, to an adit- 
level, which is about 120 feet below the surface, where it is discharged. For 
this purpose two plunger or force-pumps are in use, one above the other, each 
raising the water about 300 feet. Below the lower one of these pumps a lift- 
ing pump is employed, which is extended in depth as the sinking proceeds. 
The latter pump lifts the water from the bottom to a cistern above in which 
the windbore of the lower plunger or force-pump is placed; thence it is 
forced by the last-named pump to a cistern 300 feet higher, and thence again 
by the upper force-pump to the adit-level, where it is discharged. 

The ordinary working capacity of the pumps thus employed in the deep 
mines is about 250 gallons per minute, though when required they can be 
worked up to a considerably higher duty than that. It is not often that they 
are required to perform their full duty. It is the liability to which the mines 
on the Comstock are subject, of encountering at any time a great influx of 
water, that makes the provision of large pumps necessary. 

The clay-seams of the vein appear to act as dams, effectually retaining 
the water in certain places, and preventing the regular drainage of the 
ground. 

Thus in the Yellow Jacket, the so-called North Mine being idle, was 
filled with water during one or two years, which was not drained off by the 
South Mine, which was much deeper, even when the drift from the latter, on 
a level 100 or 200 feet lower, had been carried north so far as to be directly 
under the water of the North Mine. Similar cases are reported in other 
parts of the lode. It is said that years ago the Gould and Curry mine was 
much deeper than the Savage without draining it. 

The Ophir company, in sinking their deep shaft during the winter of 
1867 and 1868, met with large quantities of water, to remove which pumps 
of large capacity were provided and steadily employed until, on reaching a 
depth of several hundred feet, the sources of the water appeared to be 
exhausted and the influx ceased almost entirely. The work remained exceed- 
ingly dry until, in the autumn of 1869, a new body of water was tapped by 
the drift on the 700-foot level. 


In some of ihe mines where sinking is im progress the pumps must be 
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steadily employed, even on comparatively little water, but working on short 
stroke and at low speed. In others they are idle during a great ‘part of the 
day, and in some, among them some of the deepest works on the lode, the 
ground has been almost entirely without water. 

VenTILaATiIon.—During the earlier years of work on the Comstock lode 
little or no difficulty was experienced in effecting free ventilation of the 
mines, the underground works, even to considerable depths, being in commu- 
nication with the surface either by adits or connected shafts in such manner 
as to insure an é€asy circulation of air. 

As the depth increased and work had to be done at points not reached 
by the ordinary circulating currents of air in the mine, various simple and 
well-known means were employed to supply fresh air to the laborers. One 
of the simplest and most efficient appliances for that purpose formerly used 
in the Gould and Curry was the water blast, consisting of a wooden box-pipe, 
P, Fig. 4, Plate VI, standing in the shaft some 200 feet high, and connected 
at the bottom with an air pipe, A. In the case illustrated, the standing pipe 
extended from the fourth station down to the sixth, at which point an explor- 
ing drift was being carried eastward several hundred feet. The object of the 
blast was to supply air to the laborers in the end of this drift. The top of 
the box pipe, P, is open, and a finely divided stream or shower of water being 
caused to fall into the box carries down with ita volume of air. The bottom 
of the pipe, P, dips into a box, B, 2 or 3 feet long and 15 inches deep, in 
which the water is allowed to stand above the bottom of the pipe, and from 
which the excess escapes, through a sliding gate or valve, v. Con- 
nected with the water pipe just above the box, B, is the air pipe, A, lead- 
ing to the point to which fresh air is to be forced. ‘The air coming down the 
standing pipe, P, with the water, and having no other means of escape, is 
driven along the horizontal air pipe, 4, and delivered at the desired point. 

Latterly the deeper mines have found the lack of good air and the greatly 
increased heat sources of much trouble, and some of them have been forced 
to resort to more costly means of ventilation. For this purpose the method 
generally in use at present is that of forcing air down the mine and into the 
several levels or tunnels, where it is most needed, by means of a Root’s 
Blower. This machine, well known for purposes of the kind, has been found 
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very efficient and has given much satisfaction to the mining companies that 
employ it on the Comstock. It is made of various sizes. At the Ophir 
works a No. 5 machine is used, the drum being 4 feet long. It is driven by 
a small engine provided especially for the purpose, but capable of doing addi- 
tional work. The machine is calculated to run at 300 revolutions per minute, 
but running at 130 revolutions fully performs the present required duty, forcing 
the air down 700 feet in the shaft and thence to the end of the drift, several 
hundred feet more. . 

For conveying the air down the shaft and along the drift a square, 
wooden box-pipe is used. When these blowers were first introduced the con- 
veying pipes were made of galvanized iron, but this material was not proof 
against the corroding influences of the water in the shafts, and very soon 
became useless in that part of the work, though better adapted to the drier 
levels. Air-boxes of common pine wood were used next, but the tendency of 
this wood to split and crack caused them to leak very badly. The best and 
most satisfactory material now in use for this purpose is the redwood of Cali- 
fornia, which seems to be less affected than any other by the changes of tem- 
perature and different degrees of moisture in the mine. The air-box or ~ 
conveying-pipe is made of dressed lumber 14 inch thick, and is about 12 
inches square in horizontal section. ‘The four sides of the box are tightly 
joined together with a tongue and groove, as shown in Fig. 3, Plate VI, at a, 
and the ends of the sections of pipe are connected by letting the lower end of 
the upper section into the upper end of the lower section as shown in same 
figure at b. An iron band is put round this jomt which is well packed and 
then covered with a thick coat of paint. The pipe is supported in the shaft 
by clamps, c, c, Fig. 2, which secure it to the timber-sets. It is fixed snugly 
in the corner, usually of the pump-compartment, the clamps securing it as 
shown in the figure. The cost of this air-pipe, finished and placed in the 
shaft, is about $1 50 per foot. The cost of the blower of the size used at the 
Ophir (the largest made) is $700. It may, of course, be driven by the same 
power that is employed for hoisting or pumping, but as the work is continuous 
and cannot be interrupted while men are working in the mine, a small engine, 
devoted exclusively to this duty, is preferred and generally provided by the 
Comstock mines. 
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The method of drawing the foul or heated air from the mine by means 
of the blower and allowing fresh air to take its place by entering the shaft, a 
plan used elsewhere and much preferred by some, has not been tried on the 
Comstock, so far as the writer is informed. If readily practicable it would 
probably furnish better and cooler air throughout the mine generally than is 
furnished by the means now in use. In the Crown Point mine the 1,100-foot 
level, at the time of the writer's last visit, was insufferably hot throughout 
almost its entire length ; the air being cool and fresh only at the extreme end 
of the pipe and becoming heated immediately after its exit. 

Hoisting anp Pumpine Worxs.—The hoisting and pumping works on 
the Comstock lode are among the best of their kind in the country. As most 
of the claims located on the vein are short in extent, few of the companies 
have more than one working shaft, and in some cases, as in that of the 
Empire-Imperial and neighboring short claims, a number of companies have 
combined in sinking one shaft for their common use. The principal shafts of 
the leading companies of the present day are generally established on a 
liberal scale, designed for permanent and deep workings and furnished with 
- pumping and hoisting machinery of the most substantial and effective sort. 
These surface works are located directly at the mouth of the shaft, and are 
usually well inclosed by large and conveniently arranged buildings, connected 
with which are the various shops for all necessary auxiliary work, such as 
carpentry, smithwork, and general repair. . 

The engines employed for hoisting and pumping are, in most cases, 
horizontal, non-condensing engines. Sometimes one engine performs the 
whole duty of pumping and hoisting, but in the larger mines, it is customary 
to provide one engine for pumping only, and one or more for hoisting rock and 
ore. | 

In hoisting apparatus, the winding reels or drums are operated either by 
cog or friction-gearmmg. The latter was much used a few years ago, but as 
the depth of the mines has increased it has been abandoned by some and 
replaced by cog-gearing, which is thought safer and more effective for deep 
works. 

The kind of friction-gear formerly in general use is that known as the V- 
wheel and pinion, the construction of which is shown, in detail, in Fig. 2, Plate 
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XIV. The face of the wheel, usually about 8 or 10 inches wide, is formed 
with V-shaped grooves, two or three in number, which extend, continuously, 
entirely around the periphery; the face of the pinion is of corresponding 
form, but it is so placed with regard to the wheel that the projecting ribs, 
between the grooves, fit into the recesses in the face of the wheel. The 
pinion is keyed to the engine shaft and may be set in revolution by it. The 
wheel, being so placed that its face may be brought into contact with the face 
of the pinion, is caused to revolve by friction, if the two surfaces of wheel 
and pinion be forcibly pressed together. 

The friction-wheel forms one end of, or is attached to, the drum on which 
the rope or cable is wound. In Fig. 2, Plate XIV, the wheel, W, is cast in one 
piece, and the drum or spool consists of two flanges, F, F’, which are connected 
together by plates of iron, bolted as shown in the drawing. The spool is 
joined to the friction-wheel by bolts, 6, 6, passing through the flange, #’. To 
the opposite flange, F, is bolted a broad rim, &, to which is applied a brake- 
strap. This strap is usually a band of iron, 4 or 5 inches wide, which 
encircles the rim, &, of the spool, and may be made to grasp it tightly, thus 
arresting the movement of the same. There are various methods of apply- 
ing the brake to the rim. One of them is shown in Fig. 3, Plate XIV. 
Lisa long lever, broken off in the drawing. The strap shown in Fig. 3 
is for a smaller drum than that represented by Fig. 2; but the method of 
application may be the same. 

The general method of arrangement of this kind of machinery is illustrated 
on Plate XI. Fig. 1 is a side elevation, and Fig. 2 a plan of the hoisting gear 
In Fig. 2 the relative position of the engine to the winding drums is shown. 
In the case illustrated there are two drums, each of which is independent of 
the other. The friction-pinions, P, are keyed to the engine shaft, 8, and are 
caused to revolve by it. Each friction-wheel, W, forms a part of a winding 
drum, D, which is supported in pillow-blocks, B, that may slide backward and 
forward on the bed-plate beneath them. They move horizontally between 
guides or flanges, which prevent any upward motion. The sliding movement 
is imparted to the pillow-blocks by means of the arms, a, connecting them 
with a short lever at 6, which is keyed to a rock-shaft, c. If this rock- 
shaft be slightly turned toward the drum the arms are advanced and the fric- 
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tion-wheel brought into contact with the pinion. If it be turned from the 
drum the wheel is removed from such contact and may be held by a brake. 
The desired motion is given to the rock-shaft, c, by the short lever, /, and the long 
arm LL, which is at the hand of the attendant. On the opposite end of each 
drum is a rim, R, for the brake-strap. The brake is controlled by the short 
lever f, and the arm F, which, like the arm L, is within easy reach of the op- 
erator. 

This method of operation has some advantages in the simplicity with 
which the machinery is controlled and economy in the labor employed. The 
engine runs steadily in one direction, and, not needing to be reversed, requires 
but little attention. It may also be applied to other continuous work, such 
as pumping, the driving of air-blowers or other machinery, which cannot be 
done when the engine is stopped and reversed at short intervals. 

One man, in small mines or where the quantity of rock to be hoisted is not 
very great, may attend to the whole work of controlling the engine and dis- 
posing of the material hoisted. The attendant stands at the mouth of the mine- 
shaft. He has, at one hand, a lever to set the winding drum in motion; at the 
other a lever operating the brake on the drum, and, within easy reach, the 
means of opening or closing the throttle-valve of the engine, so that he may 
diminish or increase the quantity of steam, according to circumstances. On 
the arrival of the loaded car at the surface the same man may attend to its 
discharge and send it below again. One objection to this method is, that with 
very heavy loads the wheels are liable to slip against each other ; and another, 
that.it is not readily practicable to lower a loaded cage into the mine under 
the control of steam, making it therefore necessary to depend entirely on the 
brake for that purpose. This is particularly objectionahle in deep mines where 
the weight of the long cable is itself very considerable. In the Comstock 
mines the men employed under ground are lowered into the mine on the cages; 
and it is always deemed safer to do this under the control of steam rather than 
by the brake alone. 

Where cog-gearing is employed the motion of the engine is imparted to 
the shaft carrying the winding drums or reels by toothed wheel and pinion. 
There are various ways of applying this kind of gearing. In some cases, as 
at the Savage, the spur-wheel and winding reel are keyed to the same shaft 
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and driven by a pinion which is keyed to the engine-shaft, so that the reel 
must always have a motion corresponding to that of the engine, and cannot, 
as is practicable in some other methods of arrangement, be reversed, for low- 
ering the cage, unless the engine be reversed also. In the Savage works, 
shown on Plate XV, there is a separate engine and independent winding gear 
for each hoisting compartment of the mine-shaft ; and so arranged that each 
engine is connected with but one reel and cannot work either of the others. 
In this arrangement the practice, sometimes desirable, of hoisting one cage 
as the other descends, in such manner as to allow the descending cage and 
rope to counterbalance the ascending, is impossible. 

Another method, similar to the above in some respects, but possessing 
important modifications, is that which is in use at the Crown Point works, 
shown on Plate XII. In this case there are two winding spools or drums, A 
and B, one for each hoisting compartment. There are also two hoisting 
engines, C’ and D, each of which, under ordinary circumstances, is used for 
a single compartment. Each spool, with its spur-wheel, is keyed to a spool- 
shaft and driven by a pinion, which is keyed to the engine-shaft The engine 
must therefore be reversed, as in the case of the Savage, in order to reverse 
the motion of the spool; but the engine-shaft of either engine is long 
enough to control both spools and each shaft is provided with two pinions, 
one for each spool. Under ordinary circumstances, the machinery is ar- 
ranged as shown in the drawing. The engine on the right, C, drives the 
spool A, nearest to it, by the pinion £, the pinion F' for the remote spool B, 
being thrown out of gear; while the engine on the left, D, drives the remote 
spool B, by the pinion H, the pinion G, for the nearer spool A, being thrown 
out of gear. In case of accident to one engine, the other can work either 
spool; or, by throwing out of gear both pinions of one engine, and putting 
in gear both pinions of the other engine, both spools may be driven at the 
same moment, one hoisting and the other lowering a cage. In this case, of 
course, the two ropes or cables must be wound upon the spools in opposite 
directions. ‘There are no brakes on these spools; but one is applied to the 

fly-wheel of each engine. The pumping engine, P, in the case illustrated, 
has no connection with the hoisting gear, and is devoted exclusively to driv- 
ing the pump by means of the pinion, J,and wheel, K, as shown in the draw- 
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ing; nor can either hoisting engine be applied to the pump, in the arrange- 
ment indicated. 

Another method of arrangement is one by which the motion of the 
hoisting reel may be reversed without reversing or arresting the motion of 
the engine. 

In some cases where this method is in use, as at the Ophir and Empire- 
Imperial works, the winding reels are supported upon the reel-shaft, not 
keyed to it, but turning freely upon it in either direction. The reel-shaft re- 
ceives its motion from the engine by means of a pinion and spur-wheel, but 
may turn freely without imparting motion to the reels except when the latter 
condition is desired. In such case a reel is caused to revolve with the shaft, 
by throwing into contact with it a clutch that slides upon a feather on the 
shaft. As the clutch always has the motion of the shaft, it causes the reel to 
turn with it, while in contact, and on being withdrawn from contact the reel 
is free to be reversed, for lowering the cage, while the motion of the engine 
shaft is continuous. Such reels are cast with a flange or rim for a brake- 
strap, by which the reverse motion is controlled. This method of arrange- 
ment requires but one hoisting engine for two or more reels. The latter are 
all upon the same reel-shaft, but work independently of each other, and as 
the reel-shaft moves continuously in one direction the engine may be applied 
to other work, such as pumping, or driving other machinery that requires con- 
tinuous motion. If desired, however, two reels may be permanently clutched 
to the shaft and revolve with it, one winding and raising a loaded cage from 
the mine, while the other is unwinding and lowering an empty cage, gaining 
in this case the advantage of the weight of the descending cage and rope. 
In the last case, the engine must, of course, be reversed for each operation of 
hoisting and lowering; and the ropes must be wound upon the reels in oppo- 
site directions. 

In the Hale and Norcross works, a plan of which is shown on Plate XIII, 
this method is in use, with some modifications, that appear in the drawing. 
In this case each of the two reels, R, R,is keyed toaseparate reel-shaft with 
a spur-wheel W, and brake-rim, B. The reels are entirely independent 
of each other. There are two pinions, P, P, one for each reel, on the engine- 


shaft, S. These pinions are not keyed to the engine-shaft but turn freely in 
18 
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either direction, independently of the motion of the shaft. They may be 
made to revolve with the shaft by the clutches, C, which, being fixed to the 
shaft by a feather, may slide toward or from the pinions. If the clutch, C, be 
moved into gear with the pinion, P, the latter receives the motion of the 
engine-shaft and transmits it to the reel; if the clutch be withdrawn from its 
contact with the pinion, the reel may turn in the opposite direction while the 
motion of the engine is uninterrupted. The reel may therefore be moved by 
the engine for hoisting, and, when reversed for lowering, may be controlled 
by the brake. The clutches are moved in and out of gear by the levers 
I, L£; the brakes are applied by similar levers J 7 If it be desired to 
lower a cage under control of steam, as is usually the case when men are de- 
scending, it is only necessary to leave the clutch in gear and reverse the 
engine. It will be seen that both reels may hoist at the same moment; or 
by fixing both clutches permanently in gear and reversing the engine for each 
operation, one reel may hoist while the other lowers, using the descending 
cage as a counter-weight for the ascending one, as already described. It will 
also be seen that by this arrangement, the single engine, H, may not only 
do all the hoisting, but drive the pump also. The engine-shaft extends be- 
yond the reels and, by the wheel #, if the latter be moved into gear with the 
pinion, J, of the pump wheel, K, may set that in motion. The pumping 
engine, F, is commonly used for this purpose, but, in case of necessity, its 
work may be done by the hoisting engine, . Hoisting may also be per- 
formed by the pumping engine, if the wheel, 4, be put in gear with the pinion, 
J. Thus, if desired, either engine may serve as a substitute for the other. 
The cables commonly employed in the hoisting works of the Comstock 
mines are either flat ropes of steel or iron wire, or heavy, round hemp ropes. 
Chain is used very rarely, if at all. Flat ropes are generally preferred, 
especially for great depths, because they possess greater strength in propor- 
tion to their size, winding themselves compactly upon a reel and withstand- 
ing, better than the hemp, the wear and tear of the work. They are usually 
from 34 to 5 inches wide, and vary in thickness according to the character 
of the material of which they are made. If of iron wire they are from 
3-inch to #-inch thick ; if of steel they are usually 3-inch in thickness. The 
latter is preferred on account of its lighter weight, less bulk, (an important 
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consideration when the space allowed for winding reels is limited) and 
greater strength. 

Flat ropes are wound on narrow reels, the width of which is but very 
little greater than that of the rope. The latter therefore winds upon itself 
at each revolution of the reel. A common form of the reel used in this 
district is shown in Fig. 1, Plate XIV. It is a central wheel of cast iron, 


6 or 8 feet in diameter, to which are bolted a number of wooden arms, ' 


making the total diameter about 12 feet. They are sometimes cast with a 
rim for the application of a brake. 

For hemp ropes, spools or drums are used, one form of which, combined 
with a friction wheel, is shown in Fig. 2, Plate XIV; and another form, in 
the plan of the Crown Point hoisting works, on Plate XII. 

The rope or cable passes from the reel or spool, over a sheave, which is 
supported directly above the hoisting shaft, and thence downward into the 
mine, its end being attached to the cage or bucket. 

The sheaves are made of wood or iron, and of various dimensions. 
Those of large diameter, 8 or 10 feet, are preferred, as they cause less wear 
and tear to the fiber of the cable. A sheave of common form is shown in Fig. 
4, Plate XIV. It is made of cast iron. It is supported in a gallows-frame, 
which is built at the mouth of the shaft, and so placed with reference to it, 
that the rope, passmmg over the sheave, may be suspended over the middle of 


the compartment in which it is employed. A frame of this sort is shown on | 


Plate XVI, representing the arrangement of the hoisting machinery of the 
Savage mine. In Fig. 4, a and b, Plate XIV, show the pillow-blocks in 
which the sheave is supported. 


The following description of the Savage hoisting works may serve to 
illustrate some of the details referred to in the foregoing pages. They are 
well arranged and liberally provided with the necessary power and other 
facilities for extensive and permanent operations. The general arrangement 
of the works at the shaft is represented on Plate XV, which gives the 
ground-plan of the most essential parts of the establishment, showing the 
engine and boiler-rooms, the pumping and hoisting engines and their rela- 
tive positions to the other pumping and winding apparatus, the shaft-landing 
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and ore-house, smith and carpenter-shops. The latter are not shown in 
their full dimensions. The ground adjacent to the establishment, not in- 
cluded within the limits of the drawing, is conveniently arranged for 
wood and timber yards, weighing houses near the ore-house, and all other 
desirable appurtenances for the prosecution of the business. Plate XVI 
gives a sectional view of parts of the same establishment, showing the man- 
ner in which the pumping engine transmits power, by means of the pump- 
wheel, pitman, and bob, to the pump rod in the shaft; also the arrangement 
of one of the hoisting engines with its winding reel, rope, sheave, and cage. 
The pumping engine of the Savage mine is one of the Corliss pattern; a 
beam engine with vertical cylinder, 26 inches in diameter and 6 feet in 
stroke, a very beautiful and efficient but costly machine. On the crank- 
shaft is a pinion, 3 feet in diameter, which drives the main wheel, 10 feet in 
diameter, carrying the pitman by which the balance-bob and the connected 
pump-rod are set in motion. The wheel and pinion have a 16-inch face. 
The former is constructed with mortise gearing, consisting of a cast-iron 
wheel, the periphery or face of which, instead of having iron teeth, as usual, 
consists of a stout rim provided with spaces into which wooden teeth are 
carefully fitted. The engine is usually run at 10 or 12 strokes per minute, 
though calculated to make 27 per minute. The pump-rod makes a stroke of 
7 feet, under ordinary circumstances, about four times per minute, though 
_ capable of much higher duty, if required. 

The bob is of wrought and cast iron combined. The pump-rod is made 
of pine, in sections 30 feet long and 12 inches square, joined together as 
already described. ‘The weight of the rod, with its iron straps, is partly bal- 
anced by the counter-weight on the bob at the surface, besides which there 
are three balance bobs at stations below ground. The pumps have been 
already described. ‘The plungers are 10 and 12 inches in diameter. The 
column of elevation is 14 inches. 

There are three hoisting engines, one for each compartment of the shaft. 
They are 16-inch horizontal cylinders, having 36 inches fener of stroke, and 
are fitted with slide valves and link motion. 

Three boilers furnish steam to all these engines. They are set in the 
adjoining boiler-room, partly shown in the drawing. ‘They are each 16 feet 
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long, 4 feet in diameter, containing 50 tubes of 3 inches diameter. They 
consume about 8 cords of wood per day. 


The three hoisting engines stand side by side, and are so placed that the - 


winding reel, operated by each engine, is directly opposite the compartment 
for which it is designed. Each engine, with its winding apparatus, is inde- 
pendent of the others. 

The winding apparatus, connected with each engine, consists of a reel, 
similar in construction to that shown in Fig. 1, Plate XIV. The reel is keyed 
to a shaft 7 inches in diameter, which is driven by a spur-wheel 10 feet in 
diameter; the latter is moved by a geared pinion on the engine shaft. The 
relative diameters of the spur-wheel and pinion are as 34 : 1. 

The cable is made of steel wire. It is flat, 44 inches wide by 2 of an 
inch thick. It is of the best English manufacture, and is said to withstand a 
breaking strain 30 per cent. greater than cables of iron wire, which are twice 
as thick. One great advantage of the steel over iron band is its slight thick- 
ness, which allows of winding a much greater length of band on a reel of 
given diameter, consequently reaching a greater depth without change of 
winding gear. ‘The reels now in use have a capacity of 1,200 feet of rope. 

The average speed of hoisting the cage in the shaft is about 400 feet 
per minute. ; | 

The engine driver, engaged in hoisting, stands by his machine, controll- 
ing the throttle-valve by one hand, the reversing-bar with the other, and a 
brake with one foot. The brake is applied to the fly-wheel of the engine, 
and is sufficiently powerful to hold a loaded cage. The winding apparatus 
being geared, and the spur-wheel keyed to its shaft, the engine is always re- 
versed for lowering the cage, which operation may be managed by the brake 
on the fly-wheel, or controlled by a pressure of steam. 

The position of the cage in the shaft, at any moment of its ascent or de- 
scent, is shown to the operator by an “indicator,” connected with the wind- 
ing machinery, and in full view of the engine driver. 

The indicator used at the Savage mine consists of a circular plate or 
dial, about the center of which a pointer, like the finger of a clock, revolves, 
showing, by means of points marked upon the circumference, the position of 
the cage in the shaft. When the cage is at the surface the finger stands ver- 
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tically, marking on the circumference the starting or zero point. As the cage 
descends the finger turns on the dial, passing successively the poimts corre- 
sponding to the several stations or intermediate places in the shaft. The con- 
struction of this apparatus is illustrated by Fig. 5 on Plate XIV. Sis the 
main engine-shaft, set in motion by the crank C. The pinion, P, drives the 
spur-wheel, W, by means of which the winding reel, FR, is caused to revolve. 
The relations of the pinion to the spur-wheel being as 1 : 34, the winding 
reel, R, makes 100 revolutions for 850 of the engine-shaft. On the latter, 
near the pinion, P, is fixed a light gear-wheel, g, two feet in diameter, which 
drives, by means of a similar wheel, g’, the countershaft, c. This counter- 
shaft is provided with a worm, shown ata@ in elevation, above which is a 
worm-wheel, b. This is a disk, two feet in diameter, the face or periphery 
of which is cut to correspond with the worm a, and has 350 threads. As 
the countershaft, c, and worm, a, revolve with the same speed as that of the 
engine-shaft, S, the disk, 6, is caused to make one complete revolution by 350 
revolutions of the engine-shaft, S, equal to 100 revolutions of the winding reel, 
R. The journal, on which the disk, 6, is supported, projects beyond its face, 
and is provided at A witha pointer, p. The latter revolves with the disk. Be- 
tween the disk and the pointer a dial, d, is interposed, which is fixed upon an 
independent support. As the disk is revolved the pointer moves on the face 
of the dial like a clock-finger, making, as before stated, one entire revolution 
for 100 turns of the reel on which the cable is wound. Its position, therefore, 
is always determined by the length of cable that is paid off from the reel. If 
the position of the pointer be once marked on the circumference of the dial, at 
points corresponding to any given depth in the mine-shaft, the engine driver 
can readily see the place of the cage at any moment of its ascent or descent. 

The cages in the shaft are hoisted, lowered, or stopped by the engine 
driver, in answer to signals communicated to him from below. These are 
usually given by pulling a bell-wire, hung in the shaft, by means of which a 
gong or steel triangle, or other similar contrivance, is rung at the surface, the 
number of strokes indicating whether the cage is to be raised or lowered, or 
communicating some other necessary intelligence. 

The usual method of conveying these signals is by ordinary iron wire, but 
it has many disadvantages, arising chiefly from the frequent breaking of the 
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wire, involving not only considerable expense of money and labor in replac- 
ing the same, but, what is more important, a great detention of the under- 
ground work, since, whenever such an accident occurs, all work of extraction 
must be suspended at such stations or levels where signal communication has 
been interrupted, and a number of men must consequently remain idle until 
repairs are completed. An improvement has lately been made, in some of 
the mines, by the substitution of half-inch ratlin rope, in place of the wire, 
which, for strength and durability, gives much greater satisfaction. 'The rope 
or wire is kept in place, near the side of the shaft, by iron staples, through 
which it moves freely. 

To avoid the inconveniences just referred to, arising from the frequent 
breaking of the bell wire, a method of signalizing by electric telegraphy, not 
common in mines, was introduced by the Savage company in the spring of 
1868. It gave great satisfaction for a time, but was afterward given up, 
owing to reasons not very definitely explained to the writer. It would ap- 
pear, however, that its defects might be remedied, and the application of tel- 
egraphy to this purpose rendered useful. 

The apparatus, as introduced at the Savage, consists of a battery, placed 
in the engine-room, with which two wires are connected, one leading to the 
sround, the other to a coil, fixed in a box near the engine driver, on the 
magnetic condition of which coil the striking of the gong depends. From 
this same coil another wire leads down the shaft to the station to be commu- 
nicated with, where the end is received in a box, which also contains the 
end of another wire leading into the ground at the station. The earth is 
therefore used for completing the circuit. When the ends of the two wires, 
in the box at the station in the shaft, are disconnected, the circuit is broken; 
but, if they be brought together, it is complete, and the current, passing 
through the coil in the box in the engine-room, renders it magnetic, in which 
condition it acts upon an iron bar, so placed beneath it as to be lifted by at- 
traction when the coil is magnetic, or to fall by its own weight when the coil 
is deprived of its magnetic force. By the movement of this bar the gong is 
struck and caused to ring. ‘The battery employed in this arrangement is of 
the kind known as Hill’s. It consists, in this instance, of thirty-two glass 
jars or cells, four inches in diameter and in depth, each cell furnished with a 
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zinc and a copper plate, and their connecting wires, in the usual way. They 
are placed in a little cabinet of shelves in the engine-room. The ground wire 
leads directly to the earth, in which the end is buried two or three feet deep, 
The other wire, having three branches, leads to three boxes, each containing 
a gong-apparatus, there being one for each hoisting compartment. The wire 
used for this purpose, and for connecting the gong-apparatus with the signal 
boxes at the stations in the shaft, consists of a small copper twist or rope of 
seven strands of wire, encased in a rubber coating. The metallic portion, 
twisted, is about one-tenth of an inch caliber. The whole, including the en- 
velope, is about one-fifth of an inch thick. 

The gong-apparatus consists of a light wooden box, containing the coil 
referred to, or, in fact, two coils, 5 or 6 inches long, and 2 or 3 in diameter. 
Two metallic, upright pieces, attached to the coils, pass upward through the 
top of the box. These uprights are each fitted with a perforated knob, one 
of which receives the wire leading from the battery, the other receiving the 
wire leading down the shaft. When, therefore, the circuit is completed by 
the connection of the shaft wire with the ground wire at the station, as be- 
fore described, the current, passing through the coils, renders them magnetic, 
and attracts the iron bar by which the gong is rung. The contrivance for 
this purpose consists of a light iron bar, placed horizontally about half an 
inch below the coils, the end nearest the coil resting, when not lifted by mag-’ 
netic attraction, on an adjustable support; the other end being pivoted, and 
permitting free angular motion of the bar whenever the magnetic coil exerts 
its attractive force upon it. ‘The pivoted end forms a right angle like a bell- 
crank, so that, when one end of the bar is lifted by the coil, the other end, 
performing a corresponding movement, sets the gong hammer in motion. 
When the apparatus was first introduced the hammer was attached directly 
to this bar of iron; but, as it struck the gong with too little force, another 
arrangement was brought into use, consisting of a clock work, set in motion 
by a weight, and acting upon a strong spring carrying the gong-hammer, the 
clock work being restrained from action by a ratchet wheel, the teeth of 
which are in contact with the end of the iron bar just described. When the 
bar is lifted by magnetic action the ratchet wheel is released, the clock work 
set in motion, and the gong struck with force and clearness. 
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The apparatus at the signal stations in the shaft consists of a small box, 
in which two smaller but similar coils are placed, as in the gong boxes at the 
surface, just referred to. Two upright metallic pieces pass from the coils to 
the outside of the box, one of which, receiving the end of the shaft conduct- 
ing wire, is in direct connection with the coils; the other upright, receiving 
the end of the ground wire, is not directly attached to the coils, but is so 
placed that a slight movement of a metallic spring is necessary to complete 
the connection. The spring, if drawn down, as it may be by hand, makes 
the circuit complete, and, when released, breaks it again immediately. The 
coils in this box are not essential, it only bemg necessary to connect the two 
wires, or the shaft conductor and the ground wire; they are only introduced 
to act as a magnet on another gong-apparatus, much smaller than, but similar 
to, that used at the surface, acting, however, without clock work, by which 
means a little gong is rung at the station, exactly as the gong rings above, 
when the signals are made, so that the operator, having his signals repeated, 
may know that it has been properly communicated to the engineer. The 
- ground wire at the station is made long enough to reach the neighboring 
rock, where a hole is drilled a foot or two in depth, the wire inserted, and 
packed with moist earth. 

There is a wire, with its connected boxes, for each compartment of the 
shaft; the signal gong for each compartment being placed directly in front 
of its appropriate engine. The three wires in the shaft, however, are all 
placed in the pump-compartment, being less liable to accident or derange- 
went there. The cost of this entire apparatus is stated at about fifteen hun- 
dred dollars. It would appear to have some decided advantages for deep 
mines or extensive works. Its unsatisfactory performance in this instance is 
partly attributed to the uncertainty of the signals, some being caused by 
other means than the hand of the operator, owing, perhaps, to the ease with 
which the conducting wires may be accidentally brought into contact; a dif- 
ficulty for which, it would seem, a simple remedy might be found. An ob- 
jection to the use of this method is the impossibility of sending a signal to 
the engineer at the surface from points between stations. It is sometimes 
desirable to stop a cage at intermediate points either for work to be 
done there or on account of some accident. By the old arrangement the 
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bell-wire or rope can be reached from the cage and a signal communicated 
thereby. 

When a cage arrives at the surface from the mine, bringing a loaded car, 
the latter is received by the attendant and disposed of according to its char- 
acter. If the contents of the car be milling ore, it is moved upon a track 
to the ore-house and its load deposited in one of the bins; if the car contain 
waste-rock it is moved on through the ore-house to the waste-dump, and there 
discharged. The landing, or floor, about the mouth of the shaft, and at the 
intersection of tracks in the ore-house, is covered with boiler-plate, so that a 
car may easily be turned in any direction without the use of a turn-table. 
The ore-house has twelve bins of large capacity into which the ore, arriving 
at the surface from the mine, is dumped, to await transportation to the mills. 
The ore is delivered from the bins through sliding doors which are placed 
sufficiently high above the road to permit the wagon or car to stand under- 
neath and receive its load without handling. 

Each hoisting compartment of the mine shaft is provided, on its two 
open sides, with light gates that are made of stout iron wire, and so arranged 
as to slide up and down between guides. The ascending cage, reaching the 
mouth of the shaft, comes in contact with the gate and lifts it up, so that the 
way is open from the cage to the landing ; as soon as the cage is lowered the 
gate resumes its place before the shaft-mouth. Before the introduction of 
this simple preventive some fatal accidents occurred, men having sometimes 
stepped into the shaft and fallen to the bottom. A case of this kind took 
place in the spring of 1868, when one of the attendants was pushing an 
empty car toward one of the compartments to await the arrival of the cage 
which was then below. Finding that the car was moving with too much 
speed he endeavored to check it, but without success, and in his attempts to 
prevent the car from fallmg into the shaft, held on to it so persistently that 
he lost control of himself and fell in with it. 

The shops appertaining to these works are amply provided with all 
necessary facilities for the construction and repair of hoisting cages, cars, 
wheelbarrows, and similar machinery used in the mine; and there are 
timber-framing machines by means of which all the timbers used under- 
ground are easily and cheaply prepared. The value of this establishment is 
_ placed at $150,000 in the published statement of the assets of the company. 
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SEC ELON 1. 
COST AND YIELD OF ORES. 


The general costs of mining on the Comstock lode are very large, owing 
chiefly to the high price of labor, and, further, to the great cost of such mate- 
rials as timber, lumber, and fuel, of which the consumption is enormous. 
Labor is generally paid by the day or month, the contract system not being 
in great favor. Wages vary from $3 50 to $6 per day, in coin. Common 
laborers, wood passers, carmen, &c., obtain $3 50 to $4; miners, $4; head- 
miners, $6; carpenters, smiths, engine drivers, and other mechanics, $5’ to 
$6, and in some cases more. 

Marteriats Consumep.—The cost and consumption of materials may be 
indicated by the following statements, taken from the reports of the Savage 
Mining Company, showing the quantity and value of the various materials 
used at their mine during two years past. Of the chief items, timber, 
lumber, and fuel, the former costs about $30 per thousand feet, board 
measure, and the latter little over $14 per cord. In these items a great 
reduction may be hoped for in future, as the railroad, now completed and in 
operation, connecting the mines with the Carson Valley, establishes cheaper 
transportation from the sources of supply. 


Quantity and Cost of Materials consumed at the Savage Mine during the year ending Fune 30, 1868. 


Extracting Prospecting Accessory | Improve- | Total cost 
Materials. Quantity. and dead 
ores. oe work. ments. value. 

Timber - - - feet | 2,075,567 | $37,943 92 | $9,455 04 | $13, 288 02 | $1, 984 29 | $62,671 26 
Iino = 5 = ea 544, 599 6, 974 00 I, 996 36 4,949 17 3,248 82 | 17,168 35 
Spilling = Se pes I5, 028 9 38 455 66 2,414 00 67 00 2,946 04 
Shingles - - No. 5, 150 See Sara oe Se 38 2 38 21 
Bricks’ = = (2) No: 33, 700 Eek ae cots ep re 606 60 606 60 
Times). a elbs IO, 796 Sat Hake Ee a Bi oree 134 44 134 44 
Candles= = “lbs 38, 500 4, 817 63 PL GBVGy BIG 2,576 30 72 05 9, 838 31 
Wood =< 3 = Gols 3,456%) 19,491 43 | 13,729 20] 15,655 70 64 50] 48, 940 53 
Charcoal = = elbs IO, 228 I, 184 41 621 94 728 74 937 O7 3,472 16 
Stone coal - - Ibs 16, 925 24°77 I4 00 240 75 624 13 903 65 
Pio. = 5 Ike 44% IOO 00 73°75 48 75 b. aeS 222 50 
Iinonte; t=) 5. =. elbs 78, 086 440 90 151 78 4, 629 10 2,080 96 7, 302 74 
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Quantity and Cost of Materials consumed at the Savage Mine, &c.—Continued. 


Extracting ErgsPegting Accessory | Improve- | Total cost 
Materials. Quantity. and dead 
ore. work. ments. value. 
work. 

Steele Stan 64 Bibs 4, 854 533 40 62 65 144 24 429 36 I, 169 65 
Nails) 52,2 = Obs Tene, fie} 239 44 82 87 223 30 796 82 I, 342 49 
Bolts, nuts, &c., lbs 5, 482% 6 12 4 37 677 38 244 23 932 10 
Pick handles - No. I, 518 308 52 Ir4 18 148 54 5 45 576 69 
Sledgesi= sae NOs 27 79 37 28 03 WE 7 IO 20 I29 97 
Sledge handles No. 264 47 04 8 34 32 06 33 87 77 
SawSi = ene No: 32 38 61 27 08 48 80 eae II4 49 
Wheelbarrows No. I ges Se) S 12 50 Semcy ot I2 50 
Brooms = t2. JNio! 56 13 77 Io 83 20 03 se TS 44 13 
Car wheels. - No. 79 270 20 IoI 80 136 40 ode 508 40 
Canaxles =) =) No; IO I8 00 9g 0O I8 00 ee 45 00 
ills Se INOS 406 112 £7 47 03 97 07 g 61 265 88 
ING ee | eB: 4, 598 142 67 87 90 74 50 ZI Ete 305 07 
ROW 5s « 4 his 4, 221% 334 98 187 56 349 68 176 98 I, 049 20 
Canvas =) =a nyas 166% oe aE 26 21 49 35 Pret ic 75 56 
Lard oil 5 ALS 850 713 47 231 27 508 00 7 60 I, 460 34 
Kerosene - - gals 849% 270 40 I13 70 287 00 8 40 679 50 
| Paraffine . - gals 55 35 25 Se ma 26 65 cae 61 go 
[4atallloyy 2 = « lds 7, 598 296 94 216 59 398 47 eee gI2 00 
Lamp chimneys No. 185 II 19 8 75 I2 40 Be} Fa BE 32 34 
Lamp wick - No. 74 Reals Soe 2 3 04 oe es ec 3 04 
Water buckets No. 83 26 89 7 15 I9 19 I 72 54 95 
Gas) pipe eect 997 yrs, hs 220 32 329 53 Seo 549 85 
Weather™ = ees 215 20 ee aN Re 64 60 IQ 52 84 12 
Shovels - - - No. 435 227 59 98 75 176 25 4I 25 543 75 
ISS 5 6 (5 INO; 62 47 74 23 89 45 50 Ea Spe fo Il7 13 
Axe handles ~- No. 27 5 20 Se re te I 20 4 40 Io 80 
Gum packing - Ibs 698 %4 g 00 3 00 35 25 639 29 686 54 
Whitelead - - tbs 187 pa a ae aS Peep SS 38 00 38 00 
Wows 2 5 = Slog 192 23 16 4 75 20 52 cde Li ee, 48 43 
Hay- - - - Ibs 34, 202 See om cieye 949 38 oN. Se 949 38 
Barl eyes eels 5, 886 Sat eel Se oi ate 289 90 silos 289 90 
Braves) 2) eeelbs 4, 813 Sense a5 Pues tt 244 31 EN es aks 244 31 
Oatsien i eee elibs II, 255 SUneep aire Weenies 565 53 Saget 565 53 
Witter re, ce S28 Os aps a ahd 2,465 00 OME A 2, 465 00 Sh aks 4, 930 00 
Whiting = = 25 ibs 196 8 25 3 50 4 65 tiers 16 40 
UG TICS = 2) sie =|) | eeceaye T, 863 18 982 39 | 13,508 93 | 15,893 17 | 32,247 67 
79,133 89 | 31,581 47 | 66,530 II 28,184 40 | 205,429 87 


Under the head of “Sundries” are comprised iron pipe, galvanized pipe, screws, asphaltum, steel 
wire rope, copper wire, steam drum, spirit level, tar, turpentine, paints and oils, varnish, belting, pump- 
columns, foundery work, stone work, cement, electric signal apparatus, appurtenances to machinery, &c. 
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Quaniity and Cost of Materials consumed at the Savage Mine during the year ending Fune 30, 1869. 


i Prospecting 
é ‘ Extracting Accessory 
Materials. Quantity. and dead 
ore. es work. 

Timber - . - feet | 1,352,716 | $18,203 45 | $5,866 xz | $13,312 18 
umbemems sa) tcet 363, 388 4,147 50 2, 230 29 3,531 66 
Spiling - pes IO, 057 34 60 395 20 I, 581 60 
Shingles - - No. 2, 250 BO die : Sees 
Candles 2 = Ibs 33, 440 2,924 O7 I, 466 49 I, 881 82 
Wioods sam cds 3, 333 | 21,247 50} 1,394 00 | 14,154 50 
Charcoal - ~- bush 8, 758 I,OI2 20 613 20 958 65 
Stone coal - - Ibs 13, 628 32 OI 35 95 382 36 
Powder = 9-9 = kgs 108 
Powder, (Giant,) Ibs 48 } BS oat £0 ae 
Irons. .<4 f=, os tbs Ig, 490 239 10 83 43 I, O51 56 
Steel- - - - lbs 3, 903 451 29 79 55 323 56 
Nels 2. - 3 los 7, 288 229 II 87 99 246 24 
Bolts, nuts, &c., lbs 808 275, Io 60 II3 50 
Pick handles - No. I, 587 304. 97 I13 IL 185 07 
Slledses -  - 6 INI@ 39 62 25 25 75 59 00 
Sledge handles No. 255 50 30 I4 65 35 70 
Shovels'= = = No: 312 I99 21 Q2 34 145 10 
Axes. = 2 No: 79 35 50 18 73 69 13 
Saws ele bene No: 29 37 20 4 94 48 92 
Wheelbarrows! No. 24 
Brooms. -. - No. 67 I5 50 2 75 27 IO 
Cars )e) ar NOS 12 
Imes) 5 a So INIG 387 96 58 29 62 102 75 
Busevegs) = ateet 9, 550 58 00 25 00 I5 50 
Rope, (Manilla,) lbs 2, 285 197 50 5I 81 261 93 
Canvas - - - yds 309 25 00 25 I0 Il7 71 
Castor oil - - gals 155 IIo 38 61 87 134 64 
Lard oil - - gals 357 270 24 68 28 235 38 
Paraffine oil - gals go 53 84 7 25 42 95 
Kerosene - - gals 666 176 97 53 74 I79 64 
Mallow =) — = ibs 5, 547 254 IL I82 IO 256 87 
Lamp chimneys No. 115 9 94 6 51 7 52 
Lamp wicks - . .- a gee al 2 00 04 4 83 
Water buckets No. 42 18 60 3 10 Io 86 
Gas pipe - - feet 271 eye ret hue ae cer IIL 63 
Leather. - - Ibs 460 ieee 4I 78 I00 47 
White lead - - Ibs Iq41 Be Nemes Sh a, II 10 


Improve- 


ments. 


185 72 


Total cost 


value. 


$38, 189 14 
IO, gOI 64 
' 2,O0I1L 40 

I8 50 
6,279 98 
46, 824 00 
3,065 30 
534 13 


501 46 


I, 602 97 
868 55 
749 06 
163 12 
608 42 
I47 00 
100 65 
438 40 
128 79 

gI 06 


45 35 


236 38 
98 50 
520 44 
173 81 
306 89 
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| 
_ | Prospecting 
2 Extracting Accessory | Improve- | Total cost 
Materials. pe ore. See work. ments. value. 
work. 
Borax, sone lbs 123 20 35 7 12 16 00 oF 6S. 8 43 47 
Wey 2 2 5 Ibs 20, 103 a. ee Pips. 1c 450 31 Gt pee 450 31 
Badlesyy = co o  illos 705 2 foe Bo 5 40 54 a 5 6 40 54 
Branvu oo Eo DS 4, 698 = Ue = 193 97 Ae 193 97 
Oat. Sa oe eo albs 8, 153 ety 6 a Boke 405 86 sha eae 405 86 
NigiGemenl oy es 6 oe 2,510 00 =) ae 2,510 00 ap ae 5,020 00 
Somalis 2 oc = ¢ ae ee I14 63 I18 IL 8, 430 86 6,479 65 | 15,143 25 
53,406 61 23,394 31 51, 81l 57 9,426 00 | 138,038 49 


1 Wheelbarrows and cars manufactured at the mine and cost included in the items of lumber, iron, 
and labor. 


Cost value of materials on hand, July 1, 1868 - - - - - $21,340 OF 


23,527 67 

Under the head of “Sundries” are comprised foundery work, repairs to boilers, pump fixtures, steam 
feed-pump, valves, Babbit-metal, screws, gas pipe fixtures, packing, cotton waste, sulphate of copper and 
of zinc, wire, hose and hose-pipes, gum coats and gum boots, tar, belting, paints and oils, jack screws, 
circular saws, hardware, &c. 


Cost value of materials on hand, July 1, 1869 - - - - - 


Costs or Minine.—The cost, per ton, of mining ore in the mines of 
the Comstock lode may be seen by the following statements, prepared from 
the reports of some of the leading companies, whose accounts furnish the 
desired data in the most available form. 

The first statement presents, in one table, the mining costs of several 
mines during three or four years. These figures include nothing for milling 
or metallurgical treatment; they apply simply to actual mining costs or ex- 
penses incidental to carrying on the business. In this respect it must be 
observed that the apparently large differences between the figures of the sev- 
eral companies, as, for instance, the Savage and the Imperial, are chiefly due 
to the difference in methods of presenting the accounts, some of them includ- 
ing in their statement of costs nothing more than the actual expense of mining 
and extracting the ore in question, or of such dead work as actually applies to 
that part of the business, while others comprise the additional items of pros- 
pecting, opening new ground, repairs, improvements, office labor, and all the 


: 
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incidental expenses of carrying on the entire operations of the mine. It is ob- 


vious that if the expense of all this work, generally very large, be applied to the 
quantity of ore raised from the productive portion of the mine, the costs, per 
ton, will appear much larger than they would if only the actual expense of 
extraction were considered. Thus in the tabular statement here presented the 
lowest cost of mining, per ton, in the Savage mine, is given at $7 21; 
while in the Imperial the cost m one year is as low as $3 54, for the 
Holmes mine, and is generally less than $5. In the case of the Savage 
every item of expense that may reasonably be charged to the business of 
mining is included in the account, whereas in the Imperial the given figures 
apply only to work performed in reaching and extracting the quantity of ore 
on which the calculation is based, including nothing of the cost of sinking 
the new shaft, unproductive work or other incidental expenses. If the ac- 
counts of the several mines were prepared on exactly the same basis, the 
differences in the figures would be but little. 

Another cause of difference in the cost of mining in the several mines, 
or between various years of the same mine, is to be found in the varying 
relation existing between the amount of unproductive work performed and 
the quantity of ore extracted. ‘Thus in the Savage mine the costs of extrac- 
tion, per ton, in the year ending June 30, 1866, are stated at $18 06; while 
in the two succeeding years the average is about $7 55, the difference being 
mainly due to the fact that m 1866 the outlay for dead work, improvements, 
and equipment was large, while the quantity of ore extracted in that year 
was but little over one-third of the quantity produced in either of the two 
years following; the proportionate expense of this work, per ton, of course, 
increasing as the quantity decreases. 

It is difficult therefore to give a correct idea of mining costs except by 
minutely analyzed accounts, and these are given for some of the companies, 
with more or less detail, in the statements which follow. 
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Statement showing Mining Costs, per ton of ore extracted, in several mines of the Comstock lode. 


| During fiscal year ending in— 
{ 
! 
Mine. 
1867. 1869. 


Per ton. 
Gould and Curry = - > - = = $7 29 


SAVAGE a rte) Cr age Bene nn, 8 90 


IRRIG aindl Worms = = os o 5 o 
Chollar-Potosi - - - = - = = 4 30 
Chollar-Potosi, including prospecting ~- 7 94 


Imperial,(Holmes mine)- - - - - 

innwyeccll, (bem) 5 5 so = 4 5 ¢ 
Imperial, additional cost in sinking new shaft 
(Crown) Ont ee 


Kentuck .... 2.2 oe eee (AW 


The following statement shows the detailed costs of mining, per ton of 
ore extracted, in the Gould and Curry mine during two years. 


| Year ending Nov. 30, 1866. | Year ending Nov. 30, 1867. 


Monsjof fore) produced ssn 62, 425 ieee tw ers 24, 940 
Amount. Per ton. Amount. Per ton. 
COMPOe OMmoOBI 5 = 5 2 5 5 6 $13, 254 00 $o 21 $4, O10 00 $o 16 
ID GUANC ONS OD So oo a a oo 6 6 193, 822 72 3 10 106, 625 25 4 27% 
Prospecting anddead work . . - ~- 131, 697 09 2 II I2I,097 60 4 853% 
NIC CESSOLY WOlLKy lynn a I13, 846 46 I 82 35, 865 87 I 433% 
IbTOROVENNENS. 5 s 5 5 5 6 6s 38,502 25 oO 62 15,431 81 62 
Dotalicostofiminms se) eee 491, 122 52 7 86 283,031 53 II 35 
Additional general expenses in Virginia Eee ade rs By ic 92 ee Ry 2 2 13 


City and San Francisco, 


The following is a similar statement, prepared from the reports of the 
Savage Mining Company, showing the detailed costs, per ton, of production ; 
to which are added the cost of reduction of the ore, the average yield, and the 
profit of each ton during three years. 
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Year ending July x, | Year ending July 1, 


1867. 1868. Year ending July 1, 1869. 


Tons of ore produced -~ - - 87,342 531954 


Cost of officials $24,575 00 ---- $22,123 83 


Labor ~| 153,675 75 
Materials 53,406 6 
Labor - 34, 838 00 
Materials 23,394 31 


} Labor - 793398 62 
on 


Extracting ore 195,380 18 235,817 03 
Prospecting and dead work - 69,154 39 69, 475 88 


Accessory work ) 149,607 57 Materials Rogue 


Labor - 7,105 50 


Improvements Sy 520827, 49; 361 59 Materials 9) 426 00 


Labor - 297,141 70 


Total costs of mining - - - | 471,191 32 528, 837 07 Mogens See ee 
’ 


INCIDENTAL. 


Assaying ore 5,096 50 7,548 25 3,528 19 
Assaying bullion 15,244 52 23,55 93 8,749 82 
Surveying - - I, 807 75 2,330 00 I, 850 00 
Office expenses 31369 64 1,837 77 1,157 60 
Exchange - - 7,128 15 7,532 58 3,254 70 
Horse-keeping 2,062 65 2,354 50 2,843 15 
Legal expenses 21, 856 98 7,817 00 2, 200 00 

20,937 52 40, 342 61 19, 486 73 

10, 886 49 7,768 78 3,017 19 


Cost of production - - - -| 559,581 52 7 9x 629,920 49 480, 361 86 
Cost of reduction - - - - 974,433 23 | 14 04 | 1,162,957 08 678, 088 52 


1,534,014 75 | 21 95 | 1,792,877 57 - | 1,158, 450 38 


Average yield of all ore reducied - - - - 
Average profit per ton - - 


The Hale and Norcross Mining Company’s report for the year ending 
March, 1867, furnishes the following statement of costs of mining 29,401 
tons of ore: 


Per ton. 
Managerial cost-.-.--....-- Sot Meee aon ee pe ER Mees BIR Petia {0 BEG lly, 
bigishing POWeLa-c casgke kak c- s oes se Ak Burs eae Pear eee 2 38.7 
Mn COSts signee aelaree ees eee Sah 2 2 eee sed Bee See Bet ARTO 0 
Improvement cost-.--------- ele PM SA fA shee se rs Bi ars spar eet te de pa 65.9 


Relative expense, (weighing, sampling, and contingent) .......... 92.9 


2 0 —— 
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The following are analytical statements of the disbursements of the same 
company during two years, showing the sums expended for the several items, 
the percentage of each, and the amount per ton: 


| Year ending March, 1867. _ Year ending March, 1868. 
Number tons produced- - - - | 29, 401 te Bye 25, 432 

Le 

Sums. Per ton.|Per cent. Sums. Per ton./Per cent. 
For accounts of previous year . - $6,092 68 | $0 21 - 44 
Salaries’) 29> 2275) eee 9, 980 76 © 34 73 $9,000 00 | $0 35 .78 


Mine account, including labor and 190,187 36 6 47 13.86 208, 304 92 tS} ao |] u/s}, 7021 
materials employed in the mine. 


Firewood. <2: 2.52" eon eee 30, 784. QI I 05 2.24 | Included in mline accojunt. 
Wordishver OWS so 5s 5s 2 « 408, 366 44 | 13 89 | 29.74 360,105 63 | 14 16 | 312.35 
INGLES AIG, 5s Ss 5 5 2 5,727 04 20 -42 584 21 02 .05 
Taxes. joi") (2 eee ees II, 113 90 38 . 81 12,404 04 49 I,08 
Freight-> = 290s) ae 10,575 64 36 ail II 349 02 44 -99 
iiMiebyee Ieige Goes = 5 = = « II, 560 65 40 84 212 684 85 8 36 | 18.52 
In advance to superintendent . - 6,442 93 22 -47 3,734 25 15 32 
Law expenses andfees - - - - 33,997 30 I 15 2.47 10,015 83 40 87 
Machinery, 2) = == ee | 6, 266 42 22 .46 
SSAaVS (= =. p= re | 10, 424 17 35 .76 7,912 06 31 -70 
Miscellaneous expenses - -. ~- 8,168 80 27 .60 12,245 87 48 I.07 
Dividends: 22250 = es Pa ee 490,000 00 | 16 66 | 35.69 300,000 00 | II 80] 26.12 
Cashionyhandii= i 133, 288 99 453 g.70 183 93 OI -O1 
I, 372,977 99 | 46 70 | Ioo. I, 148,524 61 | 45 16 | roo. 


The cost of mining labor, per ton of ore extracted, is stated in later 
reports at $9 014%, for year ending February, 1869; and at $5 13,8 for year 
ending February, 1870. 

The following are analyzed statements of mining costs in the Chollar- 
Potosi mine : 
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Statement of Mining Costs, including nothing for Milling,’ of the Chollar-Potost mine during the year 
ending May 31, 1868. 


Sinking new shaft, re- | 


Extracting ore. : : Prospecting. 
pairs, and pumping. 
Tons of ore produced by 
- company, 70,340. a | | 
Sums. Perton. Sums. Per ton. Sums, * | Perton: 
bs | fee sae 
Wages) 13.4 Se Sew, 2 = $205,255 22 | $2 92 $38,238 oo | - .- $27,024 25 
Miscellaneous supplies - - 21,079 92 30 10, 377 70 Soules 5,583 94 
Timber andlumber - - - 58,189 70 83 Ir, 080 25 ee 3,984 82 
Firewood) =| 32 304 - = 9, 248 00 13 3,555 00 aes 2,962 50 
Coders Avie ag =, = I, 513 25 02 I, 736 00 ae 597 75 
Water 2 = ) si oer eck I, 882 50 02% I, 200 00 ele 620 00 
Orevassays) | at kee = I, 153 50 oLy 
298, 322 08 | 64 24 66, 187 33 | $0 94 40, 773 26 | $o 58 
Statement, &c., continued. Sums. Per ton. 
Extracting ore, as per foregoing --< 2 -»~s os <9 sa ees $208, 322 08 $4 24° - 
INewaishalieas per foresoOlnge-) eameae esl cy i te er s e k s S 66; 187 33 94 
PigesNacwiies, AS PEriGnesehine ¢ 2 ec Ss oc v6 = 6 © See eee 40, 773 26 58 
Billing; mune) aold.wowsse 28 1 ae 2 ks LL. Io, 843 50 | 15.4 
eadiworlke at old: works@ 9h SMe) oe ly 12,632 50 18 
Machinery and repairs - - -~ oe Np age ge Se a eee 22,855 50 32.5 
eich: eo a ke Mek, Eo ee ke i ee ee ee ee 05.6 
Wegal@ puerta: ete Me rot ee mee a = ap se ee ade I, 998 60 02.8 
SUTVEVING Meg teu ecm a wn Coy ete 2B oa aaa eee I, 200 00 O1.7 
Srapley Ps es ics pea aes te gm a 1,455 89 02 
MAKES) sco ss1 siege MME Mes St eal eit at ee x! es oes ; I, 884 36 ; 22.6 
Rixchan eeu ls cue eel eee es See nts a0» i Bat 5/3) MN 05 
Office and house repairs - TT ag 8 ig a ee 20337030) [ae 03 
Sindee emt ree ae se |? 65069) So 08.5 
487, 784. 93 6 93 
LAMM GOSS PEON. 2 < G 2 uo = S 6 6 50a) 5 6 Se ENE Galas See tivaE 
Ad dimming; COStS)y | An evel Conan (or Gest me oy ati ey Ga me swe eS ee ee 6 93 
*RotalicoSty aa. ah ay) (ae se inh See eA eugene a ior te rey an <a Eten ee ee 2x 68 
Avcrageiyiel de eye nn yew Wty ya gs ty wt 24. TM 
Average profit . . . .- es on: FEO Be es Sagem ie ele ae ae AO eee ie arae are pi eeS a ees 7 2 46 


@ All run out through tunnel without hoisting. 
5 $17.58 per cent. of yield of the ore. 
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Statement of Mining Costs, including nothing for Milling, of the Chollar-Potosi mine during the year ending 


May 31, 1869. 
Batcnnetore, New shalt and prospect- 
ing work. 

| Tons of ore produced, 44,900. 

Sums. Per ton. Sums. Per ton. 
Mig eS of Gm 5 5 5 6 of. SSAA Eo) io) || She Oo $68, 261 25 
Miscellaneous supplies - - - - . - 5,349 02 |° 12 9, OIL 33 
Timber )2 0 De 7 -90-5 28 =) a ee 34,418 39 76% 9,557 38 
Tron andUsteel Boge ha). anes eee I,035 68 2% 2,391 52 
Coal © =o) .2)\ ES ie ace ieee eee I, 080 00 2% 2,227 83 
Candles - - - - - - - - - = -!} 3,416 92 1% I, 320 55 
Oils anditalllohy ame: Fc wararet Get Gee ee alae eae See 1,839 34 
Wood. Sige Gk Bes icra h ee cee tenement tre ime roe) goer ee eer 22,675 75 
Water at St Ric Aas eS tone e te eae | ale ete Ne cae || epee ae 2,590 OO 


193,159 20 | 44 30 19, 874 95 $2 67 


Statement, &c., continued. Sums. Per ton. 


Extracting ore, ds per foregoing $193,159 20] $4 30 
New shaft, as per foregoing - venue IIg, 874 92 2 67 
Dead workin old mine - -. - 2,668 50 06 
Machinery and repairs - - - 10, 122 22.5 
INE S Gholi sn 9 3s 6) 6 - 6,962 15.5 
Legal <4 - eae 3 3,976 09 
SOMME 5 5 4 6 piexs , 360 | 00. 
Stable. 3 Pua ea: ae 2, 358 05 
Taxes REA RO LE re JapTe 5, 902 13 
IO os =o & Ss « : I, 731 04 
Office and house expenses I, 253 03 
INSEE) SS 6 5 : 3, 768 08 
Sundries ; j ; : 4, 783 
356, 921 
MAM COSES Sep eK AE OTL = eet Jo bh as 
Add mining costs =~ - =< = =< = = = = 5 je) oe Se eee ee 7 94 
Total Cost a me fee SS ies re ee ees a 21 09 
Average yield of ore - - == = = = 5 = = = = = ee ee ee Ba 
Average profit —- = aus enon ae ete Boor th Ue OAS ae 2 6x 


618.15 per cent. of yield of ore. 


dalla ee Jn pi nal 
—— | ee eae! ~ 


ee 
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In the accounts just given of the Chollar-Potosi it should be observed 
that all ore extracted came from the old works, (excepting 119 tons in 1868,) 
and little, if any, was hoisted from any considerable depth, but run out to the 
surface by way of tunnel. The costs of sinking the new shaft, in the eastern 
country-rock, and of prospecting the ground in connection with it, are stated 
in such manner as to show the expense, per ton of ore produced, for carry- 
ing on that work; but of all the ore in question only 119 tons came from the 
shaft or connected works, the whole, with the exception above made, having 
been produced, as first stated, in the old mine. 

The work performed at the new shaft for the outlay shown in the fore- 
going accounts was, during year ending May 31, 1868, as follows: 


Sinking vertical shaft, from a depth of 6514 feet to a depth of 930 feet, 


Sinking the incline shaft from Cotta of last named, (including cost of 
timbering, repairs, placing pumps, and operating hoisting works) 241 


STEN IN See choo oe ac ae ee 4 See oe Soe acer aoe ee 106 
[DIMES Cesc 2a = ches canoe Spe OIC erm Be crests eon ane pee ye erie oes Pe eis 1,278 
Costing, as shown in statement, Ree ele a clea Sah eine tet $106,960 59 


In addition to which there was expended for machinery and freight 25,105 27 


The work performed in this department, during the year ending May 
31, 1869, was as follows: 


Sinking the incline, below point already reached, 1,169 feet from sur- ihe 
face to point, 1,392 feet from surface........-....-----2:222--.-- eee. 923 
Drifting on 500-foot station......--- tach fe Sd 514 feet. 
Drifting on 920-foot station........-------- fait UP <paa hate: Seam. 280 feet. 
Drier on i O00-oon statoile-.-------.---2----2------ ~*~ 145 feet. 
Britine: one lh eroom statiOlle cess see -wwses + ccs sus = 994 feet. 


rithms, on. 1 240 foot stablom: S225 22.522. se 2-0 ots da'ee 330 feet. 


Votalbeay ce 225. we ence ee eee eee eee eee 2, 263 feet. 


wy 
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The outlay for this work, as shown in the foregoing statements, includes 
all cost for timbering, repairing, placing pumps, and operating the hoisting, and 
pumping machinery. 

Concerning the stated costs of mining in the Imperial and the Crown 
Point mines, as given in the first table referring to this subject, there are no 
detailed analyses presented in the published reports of those companies. It 
may be repeated, however, that, in the case of the Imperial, the figures given 
for the Holmes and Alta mines apply only to the mining of the ore, or to 
what, in the accounts of the Savage and Chollar-Potosi, is termed ‘extrac- 
tion;” they include all costs of drifting, timbering, repairs, and general labor, 
in that portion of the mine from which the ore in question was produced, but 
do not include the cost of sinking the new prospecting shaft, or of carrying 
on work not directly connected with the production of ore. 

The amount expended by the Imperial in prospecting or dead work, di- 
vided by the number of tons of ore raised from the productive portion of the 
mine, shows the cost per ton applied to this purpose, which is stated as an 
additional item in the table referred to; but neither of the items given in- 
cludes general and incidental expenses, such as assaying, taxes, legal and 
office expenses, freight, &c., which form a part of the statements of the Say- 
age, Chollar, and other companies. 

From the foregoing statements it appears that the cost of merely mining 
or extracting the ore may vary between $3 and $5 per ton; that the inci- 
dental expenses, necessary for the administration and maintenance of the bu- 
siness, increase the cost, under ordinary circumstances, to $7, $8, or $10; 
and beyond that amount indefinitely, according to the relation existing be- 
tween the quantity of ore produced and the outlay for improvements, repairs, 
or other extraordinary expenses. 

The expense of moving the ore from the mine to the mill, and the cost 
of, or price paid for, milling, which will be discussed in detail in the following 
chapter, vary in general between $10 and $14 per ton; so that the total cost 
of production and reduction of the ore amount to $20 per ton and upward. 
Thus, the expense in the Savage, during three years past, has been, on the 
average, $21 28 per ton; in the Chollar-Potosi, during two years, $21 37; 
and, if the accounts for each year of other large producing companies be care- 


a 


if 


) 
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fully examined, and the total amount of their expenses divided by the num- 
ber of tons of ore produced, the result will rarely fall below and generally 
exceed the figures just given. 

YreLp oF Ores.—In connection with this subject the followimg tabular 
statement is herewith presented, showing the number of tons of ore pro- 
duced annually by several of the principal mines during four or five years 
past, and the average yield per ton of their product. By comparing the fig- 
ures of this table with those just given, the relation of cost of production to 
the yield of ore may be easily seen. 

Concerning this table, it may be observed that the figures showing the 
product include the whole quantity of ore raised from any given mine during 
either of the years for which it is stated; while the figures showing the yield 
per ton apply simply to the quantity of ore reduced, during the given year, 
by the company or mine in question. It is only in rare instances that the 
number of tons reduced, or treated for the extraction of their precious metals, 
is exactly the same as that produced from the mine, and, in some cases, the 
difference is large. Thus, in the figures referring to the Savage and to the 
Chollar-Potosi, during the last two years, there are, in the aggregate, many 
thousand tons included in the stated product, to which the figures showing 
the yield per ton do not apply, because the product comprises the quantity 
of ore produced from the mine by the company and contractors together, 
while the yield is only that of the ore treated by the company exclusively. 
The table may not, therefore, be depended upon to show exactly the opera- 
tions of the companies or mines named in it, its purpose being only to give a 
general idea of the rate of production from the leading claims, and the aver- 
age yield per ton of ore. 

The figures showing the yield express the value actually obtained, by 
milling process, from the ore in question, averaging all classes. The relation 


of this yield to the assay value, or that actually contained in the ore, as well 


as the relative proportions of gold and silver, will be shown more clearly in 
the following chapter. 

It is also to be observed that the great bulk of ore raised is of the qual- 
ity generally denominated as third-class, yielding from $20 to $40 per ton; 
the quantity of higher grades being generally insignificant, especially during 
recent years. 
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Statement showing product and yield of ores of leading mines on the Comstock lode. 


During fiscal year | During fiscal year | During fiscal year | During fiscal year | During fiscal year 
ending in 1865. ending in 1866, ending in 1867. ending in 1868. ending in 1869. 
Lo} n n n 
ane: Ba |s- |) 88 | 3 Be | 3 Sees caqeli canals: 
eRe PRM n cr te euch Pet aye tes | aay =) 7s 
SP bce sees cuiy det se (ee So) eee | 8 ALS 2 
= a o> = A ats ay dq oo CaS oD oe. ae 
Oo ak 2 9 eyes 2 © ae x) g ep x) g Be 
Oe 3 a Ce 3 Be @ ae) o oa 5 
& < & 4 & < g 4 & 4 
Gould and Curry - - - -| 47,217 | $45 41 | 62,425 | $28 47 |c24,940 | $24 26| 12,153 | $18 14] 15,879 | $26 30 
5 470%4| 255 66 58 -- @5 | 51r 25 
ay ; 
Savage - - - - - - - = -- - -| 30,653 | 4238] 70,72t | 4x 94 | 287,342 | 40 84 | 269,287 | 34 87 
@ 435%4| 224 08 a88y|  - - 2 277%4| 359 52 a68%| 220 32 
526, 338 42 04 |515,666%3| - -| 54,745 78 16 
€3,878 | 20 43 | 54,966 = -|¢78,422 | 37 31 
Hale and Norcross - - - - -- -- - - = =| 29,401 47 32 | 25,432 34 14 | 16,803 23 89 
Chollar-Potosi - - - - - - - - = -_- ay 57,799 25 73 | 795,985 24 14 | 297, 84r 23 70 
a9 
Imperial, (Alta mine) - - -| 28,067 30 26 | 32,255 30 51 | 29,616 28 00 | 31,492 2209 | 42,958 13 37 
Imperial,(Holmes mine) - - 170 3I 05 2,927 12 89 | 11,262 20 49 8, 764. 20 IL 2, 214 It 64 
Empire - = - - = = = - 22,870 30 28 | 22,923 2 86 | 15,027 21 92 | 11,028 20 00 
Yellow Jacket - - = - - 49,013 | 33.06] 55,009 | 32 51 | 84,340 | 32 73] 34,718 | 19 50 
Kentuck- - - - - - = - -- -- -- = ~~ | 315,834 43 86 | 32,390 40 06 | 26,866 29 99 
Crown Point - - - - = - 3,766 | 35 60] 38,259 | 37 73| 34,750 | 35 9: | 25,964 | 3334] 25,833 | 32 73 


1 The average yield is about 7o per cent. of the actual value contained. 
2 Including that extracted by contractors. 
3 Six months. 


a First class. & Second class. ce Third class. 


ConDITIONS OF THE FUTURE AFFECTING costs.—The Comstock lode, 
judged by present appearances, would hold out but doubtful promise for the 
future, if there were no hope of greatly reducing the present costs of mining 
and milling. | 

There has been, durmg the last few years, a steady decrease in the 
value of the ores raised from the mines, as the foregoing table makes plainly 
evident; while some of the mines that, until lately, have contributed most 
largely to the annual bullion production of the lode, are rapidly exhausting 
the deposits hitherto supplying ore, or have already done so. The deeper 
explorations of those mines which furnished large products from ground 
within 500 or 600 feet of the surface, such as the Ophir, Gould and Curry, 
Chollar-Potosi, Empire and Imperial, have thus far afforded little or no en- 
couragement; so that, while fortunate discoveries of new ore-bodies in the 


a ee eee 


‘i; 
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bottom of the mines may, at any day, reward the persistent efforts of those 
companies that are still searching for them, and so restore confidence in the 
deeper portion of the lode, there is, to say the least, no positive assurance of 
such results at present. 

Whatever good or ill fortune may attend the explorations of the lode in 
depth, there is still much hope for a long-continued bullion production and 
remunerative mining industry, in the existence of large bodies of ore near the 
surface, that, until now, have remained undeveloped by reason of their low 
value, being too poor to pay for mining and milling, at prices hitherto exist- 
ing, but offering a margin of profit, under conditions that seem possible for 
the future. 

It is believed that there are very extensive deposits of low-grade ore in 
various parts of the lode. In the Chollar-Potosi alone there are large bodies of 
quartz, lyimg near the surface and easily available for cheap mining, which, 
it is believed, can be worked profitably when the costs of both mining and 
milling are reduced, as they seem likely to be, by the operation of the Vir- 
ginia and Truckee railroad. This road bids fair to lessen considerably the 
cost of materials used in the mines, and to afford cheap transportation for the 
ore to mills that are driven by water power, thus diminishing the expense of 
three important items—materials, transportation, and power. If this be 
aided by a reduction in cost of labor, which seems unavoidable, for the high 
wages at present are quite out of proportion to costs of living, the business 
of the district should still possess some elements of continued prosperity, 
quite independent of the results of deep explorations. 

VirGINIA AND TRUCKEE RartroaD.—This road was built during 1868 and 
1869, and completed and opened for operation late in the last-named year. 
Its name and charter implies the design to connect the cities of Virginia and 
Gold Hill, where the mines of the Comstock are situated, with the Central 
Pacific railroad, at the Truckee River. This will probably be accomplished 
in time to come, but the road, at present, extends from the mining region only 
to Carson, with a branch from that point toward the mountains, three or four 
miles in length, and reaching thus the source of supply of timber, lumber, and 
fuel. The road is 28 miles long, and corresponds with the Central Pacific 


railroad in gauge, weight of iron, and method of constructon. Its cost is stated 
21 
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at $1,500,000. From Virginia and Gold Hill the road descends to the level 
of the Carson River Valley, passing through country that involved some heavy 
expenses in construction of the line, but in which the highest grade adopted but 
little exceeds 100 feet per mile. Striking the river at the nearest available 
point it follows along its course within easy reach of the mills that are situated 
along the river, and deriving their power from it. From Carson the branch 
track is laid directly up to the foot-hills of the mountains, so as to receive 
timber and fuel at the mouth of the caion or valley from which these sup- 
plies are obtained. Higher up in the mountains, and along the sides of the 
canons, there still remain extensive tracts of woodland, affording large sup- 
plies of timber and fuel. Saw-mills are conveniently established there, and 
engaged in manufacturing lumber, many varieties of which, together with all 
the cordwood, are delivered cheaply at the mouth of the cafion, the present 
terminus of the railroad track, by means of a flume." The cost of cutting 
cordwood is, at present prices, $2 50 per cord, and of moving it from the 


— 


1This flume consists of a V-shaped launder or trough, made of two-inch plank, 18 
or 20 inches wide, supported by a light trestle-work, and in which a rapidly flowing 
stream of water carries down cordwood or timber (of such length as the curves of the 
flume will permit the passage of) from the head of the cation to its mouth. In a flume 
of this description, now delivering such material at the end of the track, light timber 
or plank, 10 feet in length, are easily floated and transported. The average grade of 
the flume is between five and six degrees. The minimum grade employed is 1: 64, though 
rather too light; 1:33, or three feet in one hundred, is a very good grade with 
a fair volume of water. The flume referred to is five miles long. Cordwood is said to 
make the entire journey in eighteen ininutes, and fifty-one cords of wood have been 
transported from the upper end of the flume to the place of delivery in six hours. At 
the end of the flume is an iron grating, having the reverse shape of the trough and 
inclining upward from the bottom to the upper edge of the flume. The water passes 
through this grating, while the wood shoots upward on it and falls over the edge of 
the flume to the ground, when it is piled up or loaded upon the car. This simple 
method of handling wood cheapens its delivery very much. No men are required, 
excepting those who supply the wood to the flume at the upper end, and those who 
receive and pile it at the other end. 

Along the course of the flume there are feeding streams, brought in from side- 

canons, at intervals of one or two miles, to increase the supply of water and compen- 
sate for the wastage occasioned by leaks or overrunning. 

In some of the steeper side-cafions there are dry shoots, or similar flumes without 
water, used as feeders to that just described, the inclination being sufficient to allow 
the ester to slide by the force of Sone alone. By this means wood is easily 
delivered from points where wagon roads would be impracticable. 


a 7 
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place where cut to the flume, about $1 75 on the average; so that the total 
cost of delivery at the end of the flume or railroad track is covered by $4 50. 
Allowing $2 per cord for transportation thence to Virginia, and it may there 
be sold profitably at a price from twenty-five to fifty per cent. less than that 
ruling hitherto, which, of late years, has averaged about $16 per cord. A 
similar reduction may be expected in the costs of timber and lumber. 

The cost of transportation of ore from the mines to the river mills has 
been of late years between $3 and $4, sometimes reaching $5 per ton, dur- 
ing the season for bad roads. Railroad transportation will reduce this, prob- 
ably, to something between $1 and $2 per ton. 

The costs of mining the deposits of low-grade ore will not only be 
fessened by the means just referred to but, probably, still further reduced by 
the greater accessibility of the ore-bodies and the ease with which the ore 
can be extracted ; less careful labor being required in the assortment of the 
rock and in its removal to the surface. During the past few years the mini- 
mum value of ore taken to the surface from the Savage mine has been about 
$22 or $23 per ton, anything of less value than that, being too poor to afford 
a profit. By placing that limit considerably lower the quantity available for 
extraction will not only be largely increased, thus diminishing the costs per 
ton, but the labor involved will be much less, as the masses of ore are larger 
and require less trouble and time in selection or assortment. A correspond- 
ing reduction in milling costs may also be expected’ by treating the ore in 
mills that are not only driven by water power, but that will have enlarged 
capacity ; working much larger quantities of the poorer rock than is now 
worked of the richer rock in the same or less time and with consequently 
diminished costs; the loss of a small percentage of the value contained in a 
poor ore being of less importance than it is in a rich one. 

Thus it is believed that these large bodies of poor quartz, hitherto una- 
vailable, hold out much promise for the future under the conditions introduced 
by cheap transportation, and a reduction in the price of labor, which cannot 
much longer be deferred. 

Sutro Tunnet.—Another enterprise, possibly destined to exercise great 
influence on the future welfare of the Comstock mines and the adjacent 


1A ccording to late intelligence received from Virginia City, the custom price of mill- 
ing in some mills has been reduced to $9 per ton, including transportation of ore. 
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district, is the Sutro Tunnel. This scheme proposes the construction of an 
adit or horizontal tunnel, which, commencing in the eastern foot-hills of the 
range containing the lode, at a point in the valley of the Carson River and 
about 150 feet above the level of the stream, shall pierce the intervening 
country-rock with a westerly course, and, reaching the lode at a distance of 
about 21,000 feet from the place of beginning, cut it at a depth of nearly 
2,000 feet below the outcrop. 

The advantages of such a tunnel in the exploitation of the lode ata 
great, depth have been plainly set forth by the projector of the enterprise, 
and consist chiefly in the facilitation of drainage and ventilation of the mines, 
and the transportation of ores, waste-rock, materials and men between the 
mines and the surface; in addition to which there would be the incidental 
and important advantages of opportunities afforded thereby for the further 
exploration, not only of the lode, but of the country lying east of it, to be 
passed through by the tunnel. 

By affording this means of drainage, and thus relieving, as it would 
to a great extent, the necessity for pumping machinery and its operation, a 
great item in the cost of mining would be dispensed with; while the water 
accumulating in the vein above the level of the tunnel would be available 
for power for raising both water and ore from depths below. 

It is proposed to construct this tunnel about 12 feet square, in section, 
providing it with a double railroad track for the passage of cars to and from 
the mines; the cars to be moved by means of a wire rope and a stationary 
engine at the mouth of the tunnel. 

The main tunnel, to reach the lode, will have a length of about 21,000 
feet ; and, from the pomt of its intersection with the lode, lateral drifts will 
be run north and south in order to render the workable ground of the whole 
lode accessible by means of the tunnel, affording to all the mines along its 
length, and connected with it, the facilities of drainage, ventilation, and 
transportation. The aggregate length of these lateral branches will be be- 
tween 15,000 and 20,000 feet. 

It is proposed to sink four shafts along the course of the tunnel, from 
the surface to the tunnel-level, for the purpose of expediting the work by 
multiplying the points of attack and also to afford ventilation. The aggre- 
gate length of these proposed shafts is about 4,000 feet. a 
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The total estimated cost of this work, comprising all labor and materi- 
als used in excavation, all machinery necessary for the shafts, with the ex- 
pense of operating the same, the cost of appliances to be used at the mouth 
of the tunnel for the extraction of ores, and an allowance of twenty-five per 
cent. on the estimate for the foregoing items, to cover contingencies, is stated 
at $2,500,000. 

This great enterprise, of which the main features have been very briefly 
given, was projected some years ago by Mr. Adolph Sutro, whose name it 
bears, and who formed a company for the purpose of carrying the plan into 
execution. ‘The project was at first received with great favor, and the lead- 
ing companies mining on the lode became subscribers to the stock of the 
tunnel company. They also entered into an agreement to pay to the said 
company $2 for every ton of ore extracted from any part of the mines, 
whether from the surface or through the tunnel, from the time that the 
tunnel should reach and pass through or under the ground claimed by said 
mines; besides other charges for the transportation of rock, materials, and men. 

In 1865 the Legislature of the State of Nevada passed an act authorizing 
the construction of the tunnel, and granting the exclusive right of way for 
fifty years; and in 1866 the Congress of the United States enacted a law to 
aid in the construction of the tunnel, granting the right of way, with title to 
land and mineral veins cut by the tunnel, and other privileges, chief among 
which was a provision compelling all mining companies owning claims on 
the lode to pay to the owners of the tunnel the charges named in the con- 

tracts before referred to, into which some of them had entered, and making 
their titles subject to that condition. 

After the passage of this act the companies that had before favorably 
received the tunnel project and had subscribed to the stock as well as to the 
contracts referred to, withdrew their support and entered into active opposi- 
tion, prompted by a number of considerations, which need not be discussed 
here, but chief among which were the onerous conditions imposed by the 
contracts first made between some of the mining companies and the tunnel 
company and subsequently confirmed and perpetuated by Congress. 

The difficulties of enlisting the requisite capital in the Eastern States 
and in Europe for the construction of the tunnel in a place so remote, espe- 
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cially enhanced by the opposing influence of the principal mining companies 
working the lode designed to be benefited, proved, for a long time, too great 
to be overcome by the most persistent efforts on the part of the projector of 
the scheme. 

The enterprise has, therefore, until a late date, remained entirely inactive, 
so far as actual work im construction is concerned. Latterly, however, means 
have been provided in California and Nevada for the commencement of the 
work, and, in effect, the excavation was begun in the month of October, 
1869; since which time it has, up to present writing, continued steadily in 
progress. ; 

Concerning the merits of this scheme, judged only by its intrinsic worth 
as a means of exploitation, and not considering the conflict of interest which 
might arise between the owners of the tunnel and the owners of the mines, 
it may be said that if the lode is to be mined at such a depth as the tunnel 
proposes to reach, there can be no doubt but that it affords the most reasona- 
ble, if not the only profitable, method of doimg so. 

The demand for, or usefulness of, the tunnel depends entirely on the 
value of the lode in depth; and the question, now pending, as to this value 
is likely to be answered sooner, more fully, and at less cost by the several deep 
shafts, which are now being sunk from the surface downward, than it can be 
by any other means. These shafts vary in depth from 700 feet to 1,400 feet, 
the average depth of four or five of them being about 1,200 feet; to sink 
these four or five shafts to the tunnel-level will require less length of shaft- 
ing than it is proposed to construct as auxiliary work along the line of the 
tunnel itself; they are already equipped with the necessary machinery, and 
at present rate of progress will probably reach the tunnel-level at many points 
before the tunnel can reach the lode at one; and some of them would need 
to be sunk to that level, even if the tunnel were constructed, for the purpose 
of connection, ventilation, and drainage. Should these shafts, with their 
connected prospecting works, placed as they are at intervals along the length 
of the lode, fail to develop any valuable bodies of ore in depth, the tunnel 
would not be likely to do so and there would be no necessity for its exist- 
ence. On the other hand, should these explorations now in progress prove 
the existence of ore-bodies in depth, the tunnel would become a great desid- 
eratum if not an absolute necessity. 
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SH CPL ON. Lit. 
REVIEW OF OPERATIONS OF LEADING MINES. 


Having reviewed, in the foregoing pages, the general method of exploi- 
tation in use on the Comstock lode, the operations of some of the more im- 
portant mining companies of the district will be briefly noticed. 

Although those mines that have become widely known by their large 
products are comparatively few in number, and are situated, as has been 
already indicated, in disconnected groups on those portions of the lode where 
large and rich deposits were found, there are many others, located at either 
extreme or in the intermediate ground, which have thus far been unproduc- 
tive, although explored with great persistence. 

At the north end of the developed portion of the lode the Utah, Allen, 


‘Sierra Nevada, and the Union have spent much time and money in the de- 


velopment of their claims, sinking shafts to depths of several hundred feet, 
and exploring the ground by drifts prosecuted at various levels. All of these 
companies, however, excepting the Sierra Nevada, suspended operations 
several years ago. 

SieRRA Nevapa—The mine just named has been prospected to a depth 
of 500 or 600 feet, involving the expenditure of a large sum of money, with- 
out developing important deposits of silver ore. Its good fortune has been 
since found in working the surface-rock, which has proved to be rich in gold. 
The gold-bearing ground is not very high in value per ton, but, as it is easily 
extracted and cheaply milled, the work has been very profitable. Up to Jan- 
uary 1, 1869, the company had assessed nearly $500,000, without very satis- 
factory results. About that time the importance of its gold-bearing surface 
deposits became known. A mill was erected on the property, close by the 
source of ore, and commenced operations, milling the rock for the gold only, 
without attempting to save silver. This simple process consists in amalga- 
mation in the battery and on copper-plated tables in front of the battery, 
avoiding all expense for pan treatment. 

During 1869 the company produced and milled 18,000 tons of rock, 
yielding $155,971 36, or an average of $8 66 per ton. The expenses, per 
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ton, were as follows: for mining, $1 92; milling, $3 03; incidentals; $0 77; 
making a total of $5 72, and leaving a profit of $2 94 per ton. During the 
year referred to there were no assessments, and the dividends amounted to 
$45,000. The mine is provided with an excellent mill of 20 stamps; also, 
hoisting machinery for the deeper works, not required in the present opera- 
tions. 

Opuir.—South of the mines just named are situated those of the Ophir 
and the Mexican companies, which, in the earlier days of the development 
of the lode, were among the most productive. It was on this ground that 
the first discovery of rich silver deposits was made in 1859, on what is now 
the claim of the Ophir company. From the deposits of ore then discovered 
the Ophir and the Mexican companies, during the earlier and more prosper- 
ous years of their operations, extracted several millions of dollars. Since the 
exhaustion of these ore-bodies, in the upper portion of the ground, nothing 
of importance has been developed in depth. The Mexican mine has long 
been inactive, but the Ophir is, at present, vigorously at work in sinking a 
deep shaft in the eastern country-rock, with the purpose of exploring the 
lode in depth. The sinking of this shaft was begun in August, 1867, and, 
since that time, the working force of the company has been almost exclu- 
sively devoted to its prosecution. It has reached a depth of something over 
700 feet, and, from near that point, a drift has been run toward the lode. 
Late in 1869 this drift, at a distance of 750 feet from the shaft, encountered 
an immense flow of water, which, up to the latest accounts received from the 
mines, prevented further progress. The drift, up to the point where the 
water was encountered, had passed through country-rock or unproductive 
vein matter. The point referred to is in or near the lode, and the old works, 
on a higher level, are the source of a portion of the water. When this has 
been exhausted it is to be hoped that some valuable discoveries will follow. 
Meantime some explorations are now in progress in the old works, which are 
reported as affording favorable results. 

The new shaft of the Ophir is one of the best on the lode. It has four 
compartments. The pumping and hoisting machinery is well arranged and 
liberally provided. ‘The pumps are 12 inches in diameter, and are driven by 
an engine, the cylinder of which is 18 inches diameter by 52 inches stroke. 
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There are three hoisting engines, two of them 10 inches in diameter, geared 
together and driving one shaft; the other, a new one, 18 inches in diameter 
by 27 inches stroke. The reels, winding flat wire rope, turn freely on the 
shaft, and are moyed by clutches, as already indicated on a foregoing page. 
There are three large boilers. The whole establishment is constructed with 
a view to permanent and extensive operations, and is provided with the 
auxiliaries of smith, carpenter, and general repair shops. 

The Ophir company was incorporated in April, 1860. Its claim is 1,400 
feet in length. Its shares are 16,800 in number, or 12 for each foot of ground. 
The mine was very productive up to 1866, inclusive. The total value of the 
bullion produced, up to January 1, 1870, appears from available data to be 
$5,240,000, all of which, with the exception of, perhaps, $10,000, was ob- 
tained prior to 1867. ‘The sum of 22 dividends, the last of which was made 
in March, 1864, amounted to $1,394,400; equal to $83 per share, or $996 
per foot. In later years the costly works for prospecting have involved the 
necessity of large assessments on the stockholders. These have been as 


follows: 
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Virernia ConsoLtipaATeD.—South of the Ophir and Mexican the vein 
becomes poor, and, for aught that has thus far been developed, continues so 
for a distance of 1,500 or 2,000 feet. This ground, until lately, was divided 
among several companies, some of which performed a considerable amount 
of work, obtaining good ore within 200 feet of the surface. As nothing of 
great value was found below that depth, the work was suspended several 
years ago, and the property remained inactive until a consolidation of interest 
was effected in 1868. Under the new organization mining operations have 
been resumed. A shaft has been sunk in the eastern country-rock to a depth 


of 500 feet, and a drift toward the lode was commenced in February, 1870. 
22 
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The entire work being, thus far, in the country-rock, no developments of ore- 
bodies have been made or looked for. 

GouLp AnD Curry.—This mine is one of the oldest locations on the lode, 
and has become widely known as one of the most productive. The company 
was organizedin 1860. ‘The nominal claim and basis of organization was 1,200 
feet, but the measured length of ground, between the northern and south- 
ern boundaries, is only 921 feet. The productive ground of the Gould and 
Curry has thus far been confined to the southern part of the claim. The 
body of ore cropped out at the surface, some 300 or 400 feet from the south- 
ern boundary, and, dipping southerly, passed beyond the boundary into the 
Savage claim. From within these limits, about 400 feet in length, 500 feet 
in height, and an aggregate width of 80 or 100 feet, the Gould and Curry 
have extracted the whole of their large product. ‘ 

Mining operations were at first carried on by means of tunnels or adits, 
driven in from the side of the hill, at right angles to the course of the lode, 
passing through the eastern country-rock, and cutting the ore-bodies in depth. 
Three tunnels of this description were driven at different depths, the lowest 
being over 2,000 feet long, and cutting the lode at a depth of 425 feet. By 
these means the greater part of the productive ground of the mine was 
worked out. In 1864 the company commenced the sinking of their deep 
shaft, through the eastern country-rock, partly for working the ore-ground 
known to exist below the level of the lowest tunnel, but chiefly to explore 
the mine at much greater depth. ‘This shaft has already been described, and 
the costs of sinking it have been shown, on a foregoing page. The work has 
progressed steadily, with only few interruptions, until the present time. The 
depth of the shaft, at the date of the company’s last report, was 1,187 feet. 
It is well timbered, as already described, and is in excellent condition. The 
pumps in the shaft are 12 mches in diameter, and extend from the adit-level, 
225 feet below the surface, to the bottom of the mine. The column of each 
plunger pump is 200 feet high. The surface works at the shaft are amply 
provided with all the appurtenances of a well-equipped mine. There are 
four engines, two for hoisting and two for pumping, one of the latter being 
held in reserve as a substitute, in case of accident to the other. The princi- 
pal pumping engine is a Corliss, the cylinder of which is 18 inches in diam- 
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eter by 36 inches stroke. The other is an ordinary engine of about the same 
power. The hoisting engines are smaller, one being 14 inches in diameter 
of cylinder by 30 inches stroke, the other 16 inches diameter by 42 inches 
stroke. Flat wire rope is used for hoisting. It is 35 inches wide by 1 inch 
thick. There are 4 boilers, each 26 feet long and 4 feet in diameter, and 
containing two flues. They are built in two independent sets of two boilers 
each. Only one set is in use at the same time. The consumption of wood 
is about six cords in twenty-four hours. 

The characteristic features of the vein in this mine, and the developments 
made by the deep shaft, have been described at such length in the foregoing 
chapter that no further notice of these points is necessary here. It is suffi- 
cient to say that, up to the latest dates received, the deep shaft has revealed 
no ore-bodies of importance below a depth of 600 feet. During the past 
three years all the ore extracted from the mine has been produced by re- 
working the old ground, or from deposits in the upper levels that remained 
undiscovered in earlier days, but have since been brought to light. The old 
stopes, worked years ago and long since abandoned, have been reopened and 
worked again as virgin ground. When first mined there was a large quan- 
tity of ore that was too poor to pay then, but rich enough to afford a profit 
now, under reduced prices. This was then left in the mine. The ground, 
moreover, has since caved in, and this movement has sometimes revealed new 
sources of ore. Thus the old works have continued to afford ore in consid- 
erable quantities. A part of this has been extracted by contractors, who paid 
to the company a small price per ton, mining and milling the ore on their 
own account. More recently the company have carried on this work, and in 
1869 did so with a very fair profit. The following tabular statement presents 
a summary of the operations of this company, from the beginning of their 
work. 
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Tabular statement showing the operations of the Gould and Curry Mining Company from the date of their 
organization to November 30, 1869. 
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Nore a. During the three years of 1862, 1863, 1864, there were taken out 40!4 tons of first-class oré, averaging $2, 516 
per ton. In 1863 there were taken out 4,812 tons of second-class ore, averaging $309 23 per ton; and in 1864 there were 
8,821 tons of second-class ore, averaging $141 75. Since that time the amount of high-grade ores produced has been very 
small. 

4. The difference in these costs of milling, as stated in the table, is due to the difference in the character of the ore, the higher 
grades requiring more expensive methods of treatment. In the case above noted the company reduced at their own mill, in 
1863 and 1864, a large amount of second-class ore, at a cost of $38 and $40, sending the third-class ore to the custom mills 
to be treated by a less expensive process. In the following year the company’s mill reduced 35, 684 tons of third-class ore at a 
cost of $12 93 per ton. 

c. Of the 12,153 tons, produced in 1868, only 1,229 tons were worked by the company, the yield of which was $18 14. The 
yield of the remaimder, sold to contractors, is unknown; the average price paid to the company for a large portion of it was 
$6 28 perton. Of the 15,879 tons produced in 1869, only 9, 729 tons were taken out by the company, the yield of ore worked by 
the company being, as stated, $26 30. The 6,150 tons, taken out by contractors, yielded to the company only $x per ton. 
This will explain the discrepancy apparent between the quantity of ore produced, its average yield, and the total receipt of 
bullion; the last item simply shows all the company’s receipts from ores worked or sold, and from the treatment of tailings, 
sluices, &c. 

d. The cost of $10 34 per ton in 1868 includes all dead work, prospecting, and incidental expenses, divided among the number 
of tons of ore produced ; $7 29 per ton in 1869 is only the cost of extracting 9, 729 tons on company’s account ; including nothing 
for dead-work, improvements, &c. 


Savac“.—This mine adjoins the Gould and Curry on the south. The 
actual length of the claim is stated at 771 feet, although the company is organ- 
ized on a basis of 800 feet, with a subdivision of 20 shares to each foot, mak- 
ing a total of 16,000 shares. 
confined to the northern portion of their ground, and was prosecuted by 
means of a shaft, sunk on the croppings, about 200 feet south of their north- 
ern boundary. Ata depth of 600 feet, to which this shaft was sunk, it had 
already reached and passed considerably below the west wall. Following 
the example of the Gould and Curry, the company located their new shaft 
about 800 feet east of the old one, on the croppings, and about midway be- 


The earlier workings of the company were 
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tween the north and south boundaries. This shaft has now been sunk more 
than 1,000 feet, and the mining operations of the company, during later years, 
have been carried on entirely by this means, the old works having been 
abandoned. The characteristic features of the mine, the methods of mining 
employed, and the works established at the mouth of the shaft, have been 
already described. The following statements present a general summary of 
the company’s operations from their beginning. 


Fabular statement showing the operations of the Savage Mining Company from April, 1863, to Fuly 1, 1869. 
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During year ending July x, 1868 | 87,342 | 84,627 7 21! 1374] 40 84 3,506,082 97 | —- - -| 1,560,000 44.50 
During year ending July 1, 1869 | 69,287 | 55,479 890] 1222] 34 87 I,950,55092] = - - 728, 000 37-32 
Total to July 1,1869 - - —- | 339,186 | 320,254 13, 275,300 43 | 188,000] 4,208, 000 31.62 


It may be observed in explanation of the high costs of mining in 1866, 
that the mine was making large outlays at that time in prospecting work and 
improvements, the cost for which, per ton, is included in the statement. It 
may be also remarked that during the last two years the company have sold 
a considerable amount of ore to outside parties ; that is, have permitted con- 
tractors to work in the old mine, paying a royalty of $1 per ton on ore ex- 
tracted. The ore thus taken out in 1869 amounted to more than 15,000 
tons. The yield, stated in the column, applies only to the ore worked on 
company’s account, but the item of receipts includes product of ores sold. 
Elsewhere will be found tables showing the classification of the ores pro- 
duced, detailed statements of cost, &c. 

The present condition of the mine is less prosperous than it has been 
during two or three years past. ‘The known bodies of ore have been well 
nigh exhausted. The sinking of the shaft is still vigorously carried on as 
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well as the prospecting of the ground in depth ; but if ore-bodies exist there 
they have yet to be discovered. Since the beginning of 1870 an assessment 
of $10 per share has been called. 

Hats and Norcross.—This mine is situated next south of the Savage. 
Its claim covers 400 feet along the length of the lode and the present organ- 
ization of the company is based on a subdivision of each foot in 20 shares. 
Operations were begun in 1861 or 1862. A shaft was located near the crop- 
pings of the lode and was sunk vertically until striking the west wall ata 
depth of 535 feet, when its direction was changed so as to follow the inclina- 
tion of the foot-wall of the vein, reaching in that manner a vertical depth of 
780 feet. During the progress of this work exploring drifts were made from 
the shaft at various depths, and though the ground in the upper levels was 
carefully and persistently prospected, no important bodies of ore were found 
until attaming a depth of about 500 feet. Here, late in 1865, a very valua- 
ble deposit was discovered, and the company then entered upon a very pros- 
perous career. In 1866 a new shaft, located in the eastern country-rock, and 
resembling in general features the shafts of the Gould and Curry and the 
Savage, was begun and has since served in the development and exploitation 
of the deeper portion of the mine. It is now between 1,000 and 1,100 feet 
deep. The present sources of ore in the mine are not confined to the lower 
levels, as the old works are still mined through the shaft that was sunk on 
the croppings, and, in the summer of 1869, were contributing largely to the 
general product. The ore-bodies of the mine and their mode of occurrence 
have been noticed in the foregoing chapter. The deep shaft of this mine re- 
sembles those already described but has only three compartments. One for 
pumping, is 5 feet square; the other two, for hoisting, are 4 by 5 feet, in the 
clear. The pumping and hoisting works have been already referred to. 
Their method of arrangement is shown on Plate XIII. 

The pumps are 11 inches in diameter. The pumping engine has a cylin- 
der 20 inches in diameter by 48 inches stroke. The hoisting engine has 
an 18-inch cylinder with 30 inches stroke. The winding reels are 10 
feet in diameter and have a winding capacity of 2,300 feet of flat steel rope, 
4 inches wide by 2 of an inch thick. The method of controlling the reels 
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has been already shown. At the old shaft there are also hoisting works, in 
which friction-gearing is employed. 

The operations of this company are partially set forth im the following 
statement, from which it will be seen that previous to the discovery of their 
ore in 1865, the assessments had amounted to $350,000. The writer has no 
knowledge of the product during that period. The reserves of the mine 
falling off in 1868, assessments were again required, but dividends were 
resumed in 1869. 


Tabular statement showing the operations of the Hale and Norcross Mining Company. 
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Cost per ton for 
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Assessments. 
Dividends. 


Previous to 1866 RS eee 
During year ending March 20,1867 - - .- 5 $r, 358, 084 89 $490, 000 
During year ending February 29, 1868 . - 865,925 45 300, 000 
During year ending February 28, 1869 -. .- 17, 081 395, 692 77 
During year ending February 28,1870 . - 451441 I, 232,929 Ot 192,000 


116, 489 3,852,632 12 | 610,000 | 982,000 


a Paid for labor per ton of ore extracted, 


Cuotiar-Porosi.—This mine adjoins the Hale and Norcross on the south. 
The length of the claim belonging to this company is stated at 1,434 feet. 
The number of shares in the company is 28,000. The present organization 
is the result of the consolidation of two or more claims, the chief of which 
were originally known as the Chollar and the Potosi. The Chollar was orig- 
inally located as a square claim on the surface, measuring about 1,400 feet 
along the length of the lode, by about 400 feet in width; the Potosi located 
a similar claim, of equal length, parallel to and lying east of the Chollar. At 
that time the structure of the vein, the form and dip of the ore-bodies, and 
their relations to each other were uot at all understood. The body of ore 
discovered on the Potosi claim was found to be dipping to the west, and by 
sinking upon it the company passed beyond the boundary, determined by the 
square surface claim, into the ground of the Chollar. A suit was instituted 


tse 
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and gained by the latter company to restrain the Potosi from encroaching 
upon the ground of the Chollar. In process of further developments the ore- 
bodies took an easterly pitch, when the Chollar, in its turn, began to en- 
croach upon the Potosi. This gave rise to further litigation, im which a large 
amount of money was expended, with the final result of a consolidation of 
interests of the two companies, forming the present Chollar-Potosi. 

The two companies previous to consolidation found large and valuable 
bodies of ore in the upper portion of the lode, from which a large amount of 
bullion was produced. ‘The ground was worked by means of shafts on each 
claim, and adits driven in from surface, cutting the vein at a depth of 200 or 
300 feet. The productive bodies of quartz, however, did not extend in 
depth below 450 or 500 feet. Since the consolidation of the two companies, 
the Chollar-Potosi have extracted from these upper levels a large amount of 
ore, much of it being of alow grade. This work is still in progress, and 
during 1869 was being carried on with profit. 

Meantime, while the productive portion of the mine is confined to the 
upper levels, the company have been steadily engaged in prospecting their 
ground in depth by means of a large shaft, which descends vertically 913 
feet, at which depth the west wall of the lode is encountered, and thence the 
shaft inclines at an angle of 45°, following nearly the inclination of the vein. 
The depth attained in the summer of 1869 was 1,240 feet, measured verti- 
cally. No ore-bodies have yet been developed by this work below the levels 
reached by the operations of the old mine. 

The shaft is of the same general character as those already mentioned. 
The method of timbering has been already shown. The hoisting and pump- 
ing works that were formerly established at this shaft were provided on an 
ample scale for extended operations; but the inclosing buildings were de- 
stroyed by fire in the summer of 1869. The damage was being repaired at 
the date of the writer’s visit, but the hoisting machinery had not then been 
replaced. 

The following tabular statement shows the extent of the company’s 
operations during three years, according to the data furnished in their pub- 
lished reports. The ore statements for years previous to May 31, 1866, are 
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wanting; but the table shows the sum total of the receipts from ore, the 


assessments and dividends, from the date of organization to May 31, 1869. 


Statement showing the operations of the Chollar-Potosi Mining Company during three years ending May 31, 1869. 
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Previous to May 31, 1866 - - - | - - -| = - - -- -- = ~| $927, 98 56 | $280, coo 
During -year ending May 3r, 1867 | 57,799 | 57,799 | $6 39 | $x4 97 | $25 73 | 1,348,323 13 | - - -]| $70,000 
During year ending May 31, 1868 | 70, 33x | 477,957 693 | 1475 | 24 14 | 1,905,421 49 | 182,000] 350,000 
During year ending May 31, 1869 | 44,900 | 446,867 794] 1315] 23 70 | 1,185,141 92] - = =| €42,000 
Total - - - ---- - - 173,030 | 182, 623 - - - - = - | 5,356,868 to | 462,000 | ¢ 462, 000 


a. This cost includes dead work and prospecting in new shaft. See pages 155 and 156. 
&. Including some ore taken out by contractors on tribute. 
ce. Later in same year, 1869, six other dividends, amounting to $252,000, or $9 per share, were paid to stockholders. 


The Chollar-Potosi is the southernmost of the mines situated on the 
Virginia group of bonanzas. Beyond it, ina southerly direction, the ground 
becomes poor and continues so for a distance of 1,000 or 1,500 feet. Within 
these limits is situated the claim of the Bullion company, the southern neigh- 
bor of the Chollar-Potosi. This mine has been most persistently explored 
without any very encouraging result. The claim is 940 feet in length, meas- 
ured on the course of the lode. A shaft has been sunk upon it, vertically, 
until reaching the west wall at a depth of about 800 feet, and then inclined 
with the vein several hundred feet further, so that the whole vertical depth 
of the explorations is about 1,200 or 1,300 feet. Prospecting drifts have 
been made at successive levels, developing large bodies of quartz, but gen- 
erally too poor to pay for extraction. During the several years that it has 
been worked the product has been practically nothing; according to the 
statements of the treasurer of the company it does not exceed $1,000. 

In 1868 the assessments were $100,000; in 1869 they were $67,500 ; 
and the total amount of assessments is more than $1,000,000. Operations 
were still in progress in the summer of 1869; but they have recently been 


suspended, according to newspaper reports. 
: 23 
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IMPERIAL AND Emprre.—The next occurrence of rich ore-bodies begins 
not far south of the Bullion mine, and is known as the Gold Hill group. 
Within a length of 1,000 feet are situated some 15 or 20 claims, most of 
them very short, from which their owners extracted, m early days, a very 
large amount of bullion. From some claims, not exeeeding 20 or 30 feet in 
length, one of them being only 10 feet long, a very large monthly revenue 
was obtained. An accurate record of this production is not in the writer’s 
possession, and probably does not exist. Chief among the mines of this 
group are the Imperial and Empire, of whose operations a statement will be 
found further on. Both of these companies, although working very short 
claims, have been very productive and profitable, having disbursed large divi- 
dends, without having, until recently, called assessments: The Alpha, Chal- 
lenge, Confidence, and others of the group, have also been prominent in 
times past. ’ 

The productive ore-bodies of these mines, and those of their neighbors 
belonging to the same group, all occurred within 500 or 600 feet of the sur- 
face. The richest of them were worked out long ago. During the past two 
or three years the old ground has been reworked; deposits of ore that were 
too poor to pay in former times, have been mined, and thus the production 
has been sustained, though on a much diminished and less profitable scale. 

The chief hope for the future of all the mines of this group is based on 
the work of exploration, now being carried on in depth by a vertical shaft, 
sunk jointly by the Imperial and Empire, but also designed for the develop- 
ment of the neighboring claims. ‘This shaft, located like the deep shafts of 
the other large mines, in the eastern country-rock, has reached a depth of 
over 1,100 feet, and has cut the vein at about that distance from the surface. 
No important developments of ore have yet been made by this work, but it is 
still vigorously prosecuted. ‘The shaft is similar in kind to those already 
described. It has four compartments. It is 28 feet 4 inches long by 5 feet 
wide, for 600 feet of depth, where the size is contracted to 18 feet of length, 
divided into three compartments. The machinery for pumping and hoisting 
is liberally provided. There are two hoisting engines, having cylinders 16 
inches in diameter and 86 inches stroke. These both drive one shaft, on 
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which the winding reels are operated by means of clutches and brakes, as 
already described. The water is removed from the mine by means of vessels, 
raised and lowered like the cages, and operated by the same machinery. A 
pumping engine is provided, but the pumps are not yet in place. 

There are four tubular boilers, 16 feet long and 52 inches in diameter. 
~The whole of this establishment is inclosed in a large building, with which 
are connected carpenter and smith shops for all necessary work of construc- 
tion and repair. The total cost of sinking this shaft, and establishing the 
surface works appertaining to it, and conducting the explorations in connec- 
tion with the same, amounts already, according to the reports of the two 
companies, to about $400,000. The following statements present a summary 
of the operations of the two companies, Imperial and Empire. 


Statement showing the operations of the Imperial Mining Company from date of their organization to May 31, 
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Previous to May 31, 1864 - 3 Ba deck edewsdill t=. Pte call: $640, 369 43 $50,000 00 | $67, 500 00 
During year ending May 31, 1865 - 28,237 $5 37 $xz 50 $30 26 Gin EOlls 625 5 2 220,000 00 
During year ending May 31, 1866 - 35, 182 527, IO 00 29 97 THOIQKATENGZNIiEN =) =e t= 240,000 00 
During year ending May 31, 1867 - 40, 878 4 36 9 00 25 93 TROCOFOSAy TON sek es se 396,000 00 
During year ending May 31, 1868 - 41, 234 4 96 9 66 21 75 Eppes sho sc 120, 000 00 
During year ending May 31, 1869 - 45,172 473 7 81 I3 35 603,146 42 I00,000 00 24,000 00 

189,724] - - -|- - - | - - = | 45,074,584 45 | ¢150,000 00 | 1,067,500 00 


a. Costs of mining are only approximately stated. They do not include the outlay for new shaft, prospecting, &c. A 
somewhat more detailed statement has been already given on page 152. 

é. This sum is from ores worked and sold, not including revenue from other sources, such as cash received for working rock 
in company’s mill for outside parties. The total receipts, including assessments, amount to $5, 365, 704 03. 

c. Additional assessments, amounting to $100, ooo were subsequently called during 1869. 

d@. Includes hauling the ore from mine to mill. 
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Statement showing the operations of the Empire Mill and Mining Company from their commencement to Decem- 
ber, 1869. 
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Previous to December, 1864 - - - - | $2,043,720 48 $288, 000 oo 
During year ending December, 1865 - 22,870 16, 000 $30 28 508, 192 22 120, 000 00 
During year ending December, 1866 . 22,923 17,995 21 86 414,139 87 32,400 00 
During year ending December, 1867 - 15,027 II, 779 2I 92 294, 583 60 49,200 00 
During year ending December, 1868 . 11,028 10, 724 20 00 218, 703 77 
During year ending December, 1869 . € 150,000 00’ | $30, 0G0 ©0 | - 
2,629,339 94 | 30,000 00} 489,600 00 


a. Not including ores taken out by other parties, purchasing of the company. 

4. Not including revenue derived from hoisting ores from adjoining claims, and from some other sources. 

c. Estimated ; ‘he company having published no report for the year referred to. 

Norte.—The costs of mining and milling are not definitely stated ; as an average, the whole expense, including everything 
connected with the working of the mine and the management of the business, amounts to about $20 oo per ton of ore. 


The principal group of mines south of the last named, comprises the 
Yellow Jacket, Kentuck, and Crown Point. 
each other. 


These are intimately related to 
Their ore-bodies form one simple group or system, and the 
mines, working at about an equal depth, one with the other, are all connected 
together in their lower levels. The Kentuck, owning but a short strip of 
ground between the Yellow Jacket and Crown Point, is worked chiefly 
through the shafts of its neighbors. 

The bodies of ore developed in these mines, and their relations to each 
other, have been already discussed. A brief statement of the operations of 
the several companies will therefore suffice for the purpose of this review. 

YELLow Jacker.—The ground of the Yellow Jacket mine is 943 feet in 
length, measured on the course of the lode, but the organization of the com- 
pany is based on a length of 1,200 feet, each foot, at least until recently, 
representing one share of the stock 

The ore-bearing ground of the Yellow Jacket is in two parts, one of 
which is in the northern, the other in.the southern portion of the claim, the 
intermediate ground, at least in the upper levels, being poor. The northern 


‘If the writer be correctly informed, each foot now represents a larger number of 
shares, probably 20. 
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portion, known as the north mine, was worked in the earlier days of the 
company’s operations, and proved to be rich and profitable to a depth of 500 
or 600 feet. The known resources of this part of the claim having been 
exhausted several years ago, the work was transferred to the south mine, 
adjoiming the Kentuck. A deep shaft has been sunk, through which the 
extensive operations of the mine have been almost entirely carried on during 
several years. This shaft has reached a depth of over 1,000 feet, developing 
large bodies of ore-bearing quartz, which, though not very high in value, is 
said to afford a profit. During the summer of 1869 the lower levels of this 
mine were extended to the north, below the north mine, making connection 
with the old works, and developing in them new sources of ore, which prom- 
ise to be of great importance. The mine is well provided with pumping, 
hoisting, and other required machinery, both at the older and newer shafts. 
The latter are the most important. They comprise two hoisting engines, 
each 14 inches in diameter of cylinder, and both geared together to drive one 
shaft. Friction-gearmg is employed for winding, there being three drums, 
one for each hoisting compartment of the mine-shaft. The depth of this 
shaft is now so great that it is intended to substitute cog-gearing, similar to 
that used by the Hale and Norcross, in the place of the friction-gearing. The 
new machinery for this purpose was on the ground in September, 1869, but 
not then put in position. The pumping engine is a Corliss, 18 inches in 
diameter and 36 inches stroke. The pumps are 11 inches in diameter, rais- 
ing the water to within 300 feet of the surface, where it flows off by an adit. 
The shaft has four compartments; itis 24 feet long by 5 feet wide, in the clear. 
The establishment is provided with carpenter and smith shops, and other 
necessary appurtenances. The company own a large mill on the Carson River, 
about 10 miles from the mine, which not only crushes the ores produced by 
the mine, but has sometimes been an important source of revenue by crush- 
ing custom ores. 

The operations of this company were greatly retarded in 1869, by a 
disastrous fire that broke out in the lower levels, causing great loss of life 
and damage to the property. A brief account of this will be found further on. 


182 


MINING INDUSTRY. 


The following table presents a partial statement of the company’s opera- 


tions during several years past: 


Statement of operations of the Yellow Facket Mining Company. 
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. Not including $77,500 derived from other sources, chiefly milling and hoisting. 
. Not including $84,375 derived from other sources, chiefly milling and hoisting. 
. Not including $52,494 derived from other sources, chiefly milling and hoisting. 
. Estimated. : ; 
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Kenrucx.—The Kentuck mine, adjoining the Yellow Jacket on the south, 
and situated between the last-named and the Crown Point, holds about 95 feet 
of ground, measured on the course of the lode. It has been one of the most suc- 
cessful and profitable mines on the vein, having paid to the shareholders over 
$1,100,000 before collecting a dollar of assessments. The company was incor- 
porated on the 22d of August, 1865. Money was borrowed to the extent of 
$20,000 to open the mine, and an assessment was called to discharge the debt, 
but, before it was collected, the prospects of the mine were so encouraging that 
the call was rescinded and the loan paid from the product obtained. The first 
ore was produced from the mine in January, 1866, having been struck at a 
depth of 200 feet from the surface. Its product during the few succeeding 
months was small, but later in the year a rich body of ore was developed on 
the 460-foot level, and in September, 1866, the first dividend was paid. The 
aggregate amount of dividends up to the date of the last report, November, 
1869, is $1,142,000. The work of the mine suffered great hindrance by the 
fire already referred to and the first assessment of $40,000 was subsequently 
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called. The upper levels of the mine were worked by a shaft sunk by the 
company to a depth of about 700 feet. Its lower levels are worked through 
the shafts of the Yellow Jacket and Crown Point. The following table 
exhibits the operations of the company from the outset to November, 1869. 


Statement showing operations of the Kentuck Mining Company from their commencement to November 1, 1869. 
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a. In addition to this sum, $63,124 10 was derived from other sources. 
6. Not including premium on bullion. 


Crown Pornt.—This has been one of the successful and profitable mines 
of the Comstock lode, as the following statement of its operations will clearly 
show. During the latter part of 1869 its product fell off as the known de- 


posits of ore were nearly exhausted, but the late developments in the lowest. 


level of the Yellow Jacket promise much for the future of the Crown Point. 
The mine is well worked and thoroughly equipped with the necessary ma- 
chinery for extended operations. Its hoisting and pumping works are among 
the best in the district. The method of arrangement of this machinery is 
shown on Plate XII. There are three engines, two for hoisting and one for 
pumping, operating the winding and pumping machinery as already explained. 
The shaft is sunk vertically in three compartments, and is over 1,100 feet deep. 
The methods of work in this mine are generally the same as those already de- 
scribed. ‘The company own two mills for the treatment of their ores. The 
following table sets forth a statement of their operations from the outset. 


] 
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Statement showing operations of the Crown Point Mining Company Srom thetr commencement to May 1, 1869. 
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The fire already referred to as having occurred in the Yellow Jacket, Ken- 
tuck, and Crown Point mines is one of the most remarkable disasters in the 
history of mining in this country. Although originating in the Yellow Jacket 
the terrible effects were shared by the adjoining mines, and the loss of life 
was much greater in the Crown Point than elsewhere, owing to the fact that 
the draught of air passing down the Yellow Jacket shaft through the Ken- 
tuck levels and up the Crown Point shaft, filled those mines and all their ave- 
nues of escape with a dense volume of smoke which, instantly suffocated the 
unfortunate men who were overtaken by it. The origin of the fire, although 
not positively known, appears from the report of Mr. J. P. Jones, superintend- 
ent of the Crown Point mine, to have been on the 800-foot level of the Yel- 
low Jacket mine and near the south boundary line of that property; and it is 
believed to be probable that when the night men left the mine at 4 o’clock in 
the morning, one of them thoughtlessly left a lighted candle sticking in a splin- 
tered and resinous stick of timber, which, becoming ignited, communicated the 
fire to the timbers adjoining. It is further supposed that the fire burned 
slowly at first, creeping along the level toward a door dividing the Yellow 
Jacket from the Kentuck, which door, being closed, checked the circulation 
of air and caused a slow combustion; but as soon as the door burned from its 
hinges the smouldering mass of timber burst into flame, while the great vol- 
ume of smoke and gas swept through the mines suddenly, overwhelming the 
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laborers, who were warned too late of its approach. It is only necessary to 
imagine a mass of timbering similar to that of which a view is given on Plate 
V, but filling spaces from twenty to forty feet wide and several hundred 
feet in length and depth, dry and resinous as it often is in some mines, and 
subjected to a powerful draught of air, to understand how great a conflagration 
may be possible in the underground chambers. 

According to Mr. Jones’s report the fire was first discovered at 7 o'clock 
in the morning of April 7. The night-force had been withdrawn from the 
mine, and the greater part of the day-men had been lowered to their stations, 
when the smell of fire was detected in the Crown Point mine at the 700-foot 
station. A signal called the cage to the 800-foot station where many work- 
men had collected in alarm. The cage was filled with men and raised to the 
surface with the greatest possible speed, and the work of removal continued 
until five loads of workmen were safely extracted from the 600-foot, 700-foot, 
and 800-foot levels. A cage was sent down to the 1000-foot level, in re- 
sponse to a signal of alarm from that point. On descending, however, none 
of the workmen employed there were found, as they had left the station in 
the attempt to climb up the pump-shaft, where their bodies were afterward 
found. The cages were kept running for many hours from station to station 
and to the surface in the hope that some one might find his way from the 
chambers of the mine to the shaft, and thus be saved, but it soon became 
evident that all still remaining below had perished. In the Crown Point 
25 lives were lost; in the Kentuck, 7; and in the Yellow Jacket, 5. The 
fire increased until 2 o’clock p. m., from which time until 11 o’clock it seemed 
to abate, when a partial exploration through the 900-foot level was made, 


resulting in the recovery of 13 bodies. On the following morning 9 other 


bodies were recovered. On the following day, the 9th, the fire again increas- 
ing, and no hope remaining of rescuing any of the men still in the mines, the 
three shafts of the several companies were tightly sealed up and a con- 
tinuous current of steam was forced down each shaft, in the hope of thus ex- 
tinguishing the fire. This was continued several days, with occasional inter- 
ruption for the purpose of examination. On the 26th the shafts were opened 


and it became possible to go into the mines and contend against the fire with 
24 
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water and steam, in the immediate neighborhood of the smouldering timbers. 
Nearly a year has now elapsed since the fire begun, and, at latest accounts, 
it is not yet extinguished. It is, however, confined to portions of the Yellow 
Jacket, and these have been closed up by tightly sealing all drifts or passages 
communicating between the burning districts and the shafts, thus cutting off 
the supply of air from the locality of the fire, and making it possible to re- 
sume mining work in the other parts of the mine. 

When visited by the writer in the following October, the regular work 
of the mines was again in progress. The burning or smouldering portion of 
the mine was sealed up as just described, and the extraction of ore was being 
carried on in stopes immediately below. At one point, only four feet of rock 
divided the working stopes from the chambers above, in which were con- 
fined the smoke and gas resulting from the slow combustion of the timber. 

Breitcuer.—The Belcher and the Overman are the most prominent mines 
south of the Crown Point. The first named, including the Segregated Belcher, 
covers an extent of 1,000 feet of the lode. In 1864 the Belcher had a productive 
body of ore, from which a large amount of bullion was obtained and handsome 
dividends were paid. This deposit was 200 or 300 feet long, but did not continue 
beyond a depth of 300 feet. The mine has been steadily worked, and is still 
being developed with results that are encouraging without being quite satisfac- 
tory. During the days of prosperity the company paid, from June, 1864, to 
June, 1865, dividends amounting to $421,200. The total product up to Jan- 
uary 1, 1870, appears to be $1,570,370, of which only $20,000 were produced 
during the last two years. The assessments in 1868 were $104,000, and in 
1869, $109,200; the sum of assessments is $668,720, of which it is said that 
$130,000 was collected of the shareholders, not in cash, but in the form of 
company’s stock, and was devoted to settling some matters in litigation. 

Overman. —The Overman adjoins the Segregated Belcher on the south and 
owns 1,200 feet. The mine has been worked several years, and is developed to 
a depth of over 700 feet. It possesses large bodies of ore that have, however, a 
low value and cannot afford a large margin of profit. Nevertheless, with the 
reduction in the cost of transportation and milling which the railroad is effect- 
ing, there should be a fair promise in the future for this mine. 


ee 


THE COMSTOCK MINES. 187 


The average value of the ore is generally stated at $20 to $25 per ton. 
The only positive information on this point in the possession of the writer is 
based on the operations of the mine from July 7, 1869, to January 10, 
1870, when, according to the official accounts, there were 11,392 tons of ore 
crushed, producing $166,696 04, oran average, per ton, of $14 63. The fol- 
lowing is astatement of the assessments called by this company and bullion 
produced by the mine during four years past:? 


Assessments. Bullion. 

lian Helly fo eS yes PS es $208, 000 $27, 953 
liay WGG) cee Se ie eS a) BS ey 32, 000 192, 318 
lit) TGS.” 5) oo esas ents EST be 176, 000 352,590 
ibeyineetsioys Se hoe tar SSR ER OMS Et hee fe 128, 000 336, 455 
544, 000 909, 316 


The following table presents a summary of the statements given in this 


review: 


Summary of foregoing tables, showing the value of the Ore Products, the amount of Assessments, and Dividends 
of leading companies working on the Comstock lode. 


EEO ORS Assessments. | Dividends. 

worked and sold. 
Qphin. ih 4 F Fy ames $5, 240, 000 00 $672, 000 $1,394,400 | To January 1, 1870. 
Gould and Curry - - 14, 875,935 24 358, 068 3,778, 800 | To November 30, 1860. 
Savage; 4-9 5 2 -) = 13, 275, 360 43 188, 000 4,208,000 | To July 1, 1869. 
Hale and Norcross- ~- 6 3,852,631 12 610, 000 982,000 | To February I, 1870. 
Chollar-Potosi - - - 5,350, 868 Io 462, 000 462,000 | To May 31, 1869. 
imperial see 5,074,584 45 I50, 000 I,067,500 | To May 31, 1869. 
Empires.) =) etn: 2, 629, 339 94 ‘30, 000 489,600 | To December 1, 1869. 
Yellow Jacketa- <= - 10, 583,470 30 I, 350, 000 I, 740,000 | To January I, 1870. 
Kentucki 2) 5 poets 3, 641, 062 00 40, 000 I,142,000 | To November I, 1869. 
Crown Pontes 3, 861, 93I 00 305, 370 858,000 | To May 1, 1869. 
Belcher <2 Tit) «saws I, 570, 370 00 668, 720 421,200 | To December 31, 1869. 
Overman’. 2). =.= a 909, 316 00 544, 000 To December 31, 1869. 


€ 70, 871, 138 5, 378, 158 16, 543, 500 


a Partially estimated. 'Commercial Herald and Market Review. 

6 The product of this mine previous to March, 1866, is not included. 

¢The products of the Mexican mine and of many of the small but very rich claims of Gold Hill are 
not included here ; for a more complete statement of the bullion product of the lode see pages 189 and 190, 
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Oursipr Mines.—There are a number of mines in the Washoe region . 
that, being located on other veins than the Comstock, are generally classed as 
“outside.” They are on various ledges that have from time to time been dis- 
| covered, partly prospected and developed, and, in most cases, again abandoned 
or neglected on account of the low grade of ore produced and the high cost of 
working. Among them, however, are several that have been persistently 
worked, and of these a still smaller number have established a claim to an im- 
portant place in the list of successful and profitable mining enterprises. The 
Occidental is one of the most prominent of this class, located on a large ledge, 
between one and two miles east of the Comstock, nearly parallel to the last- 
named vein in trend, and dipping also to the eastward at an angle of about 
45°, This vein is a mass of limestone and quartz from 20 to 40 feet wide. 
The silver-bearing mineral, resembling in most respects that of the Comstock, 
is associated with the calcareous and silicious gangue, and thus far the lime- 
stone has been the richer of the two. The pay-seam is from 6 to 12 feet 
wide, The mine is worked for over 1,200 feet in length and 300 or 400 feet 
deep. It is opened and developed entirely by tunnels, and a lower tunnel is now 
in course of being driven, which, when completed, will be 1,600 feet long, cut- 
ting the lode at a depth of 800 feet. The company own a mill near Dayton, 
and are now building a new and large one near the mine. The yield of the 
ore is stated at $12 to $16 per ton. In the summer of 1869 the mine was 
producing about 25 tons per day. The writer is not able to give any accurate 
statements concerning the total production of this mine. The company has 
paid one dividend of $20,000; and, if the writer be correctly informed, has 
never levied any assessment. 

Further north, and probably the same vein under a different name, is 
the Monte Christo lode, crossing Six-Mile Cation near the Gould and Curry 
Mill. ‘This lode is developed to a much less extent. 

The Lady Bryan, one of the most important and best developed of the 
outside mines, lies further east, probably on a different lode, in the so-called 
Flowery District. This mine has been worked several years with varying 
success; once entirely abandoned, the machinery was removed and the prop- 


erty sold for a trifling sum; then revived by other parties and now working 
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vigorously again with fair prospects. The lode strikes north 30° east, true, 
and dips easterly 45° to 55°. The croppings are very large and the vein 
consists chiefly of quartz. The surface works yielded a large amount of ore 
of low grade. The underground developments had reached a depth of about 
200 feet in October, 1869. A shaft, having three compartments, was in prog- 
ress. The mine is provided with excellent hoisting and pumping works; 
and a new 10-stamp mill was built last year close by the shaft. The mill is 
furnished with four McCone pans and two large settlers. It can crush and 
amalgamate about 20 tons per day. The rock is said to yield $30 per ton. 
The assessments of this company amounted to $15,000 in 1866; and in 1868 
to $150,000. Accounts of its production are not in the writer’s possession. 

Among other promising mines is the Twin, or, as it is more recently 
called, the Hope, working ona narrow gold-bearing vein near Silver City. 
It is said that this vein, although worked on a limited scale, has yielded fair 
profits to its owners. A new mill, containing stamps that are to be driven by 
the direct action of steam upon each stamp-stem, is in process of construction. 

Below Silver City, on the road to Carson, is the Spring Valley district, 
the scene of much exploration several years ago, and containing some ledges 
to whose prospective value the railroad may add largely. 

Butuion Propuct or THE Comstocx.—The total yield of the Com- 
stock lode from the date of its discovery in 1859, to December 31, 1869, 
is probably not less than $100,000,000. In 1859 and 1860, little was ex- 
ported, and that chiefly in the form of rich ores that were sent to Europe. 
In 1862 and 1863, the bullion production increased rapidly, reaching its 
maximum rate in 1864 and 1865. ‘The following statement, prepared chiefly 
from data furnished by the Commercial Herald and Market Review, of San 
Francisco, shows the annual production for nine years. As this statement 
is chiefly based upon the products of prominent mines, whose operations are 
well known, it is safe to assume that enough more has been obtained from 
sources not included in this account to swell the total to $100,000,000. 
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1864 .u5..veds Jadu lallull 2005 Reale Spell sehen 16, 000, 000 
1865. oe lsidas Gi Wace: ganda Lae deletes eee ae ea 16, 000, 000 
1866.0.) i.) udie SEL ed Belen te sel: ua85 ee ee 11, 739, 100 
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The following tables, chiefly obtained from the Commercial Herald and 
Market Review, of San Francisco, show the assessments, products, and divi- 
dends of leading companies working on the Comstock lode during the last 
four years. These accounts are based on the operations of each current year. 
and the figures may therefore appear to differ from some of those already 


given in foregoing statements, which were based on the operations of each 


fiscal year of the company concerned: 
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CHAPTER IV. 


ERiATMEN Ty Of THN COMSTOCK ORES. 


SECTION I.— GENERAL OUTLINE OF THE PROCESS—CLASSIFICATION OF ORES—CRUSH- 
ING—GRINDING AND AMALGAMATION—PANS--SETTLERS—RETORTING FURNACE— 
MELTING FURNACE. 

SEcTION I1.—DETAILS OF CRUSHING AND AMALGAMATING MACHINERY—STAMPS FOR 
WET CRUSHING—QUANTITY OF WATER USED—PANS: WHEELER’S, GREELEY’S, 
VARNEY’S, HEPBURN AND PETERSON’S, WHEELER AND RANDALL’S, McConz’s, 
FOUNTAINS, HORNS—SETTLERS OR SEPARATORS—AGITATORS—GENERAL AR- 
RANGEMENT OF MILLS. 

Srcrion III.—Costs AND RESULTS OF MILLING OPERATIONS—COSTS OF LABOR 
AND MATERIALS—RELATION OF MINES TO MILLS—SAMPLING OF ORES—MILL- 
ING RESULTS—RELATION OF YIELD TO ASSAY VALUE. 


SECTION LV.—TREATMENT OF THE RESIDUES—AMALGAMATION OF SLIMES IN PANS— 


THE O'HARA ROASTING FURNACE—CONCENTRATION OF TAILINGS—TAILING 
RESERVOIRS—AMALGAMATION OF RAW TAILINGS. 

SECTION V.—TREATMENT OF FIRST-CLASS ORE—DRYING—CRUSHING—ROASTING— 
BARREL AMALGAMATION—STETEFELDT’S ROASTING FURNACE. 


SECTION I. 
GENERAL OUTLINE OF THE PROCESS. 


CLASSIFICATION OF ORES.—The ores of the Comstock lode consist chiefly 
of various sulphureted forms of silver, native silver, and gold, finely, almost 
imperceptibly, disseminated through a gangue of quartz. With these are as- 
sociated a few other accessory minerals in inconsiderable proportions. | Their 
mineral composition and chemical nature will be more fully discussed in an- 
other chapter. 

For metallurgical treatment they formerly were, and to some extent still 


are, divided into three classes. The basis of this assortment is, of course, ar- 
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bitrary. It is not the same in all mines, and does not appear to have been the 
same at all times in individual mines. The chief object of the classification 
is to separate those ores whose mineral composition and, more especially, 
whose high value demand a very exact and careful treatment in order to ob- 
tain the highest possible percentage of their precious contents, from those of 
lower grade, which must, by reason of their inferior value, be treated by less 
expensive methods. 

The first class usually embraces those ores whose assay value exceeds 
$150, or, in some cases, $100, per ton. The second class, where distinguished 
at all, is usually designed to include ores whose assay value ranges between 
$90 and $150 per ton. The third class embraces all workable ore of lower 
grade than the foregoing, the average assay value varying considerably in 
different mines. ; 

The first-class ores form but a very small proportion of the whole. The 
tabular statement in the foregoing chapter, showing the ore product, with the 
actual yield per ton, of some of the principal mines during five years past, al-. 
though not complete in this respect, will serve to indicate the relative propor- 
tions of the several classes of ore. ‘Thus, during the year ending July 1, 
1868, the Savage mine produced, including the amount taken out by contract- 
ors, 87,341 tons of ore, of which 2774 tons were first-class, having an average 
assay value of $449 40 per ton, and an average yield of $359 52. During the 
same year 4,745 tons of second-class ore were produced, of which the average 
assay value was, as determined by two different methods of sampling, $124 25 
and $142 82 per ton; the average yield being $78 16. In the following year, 
in a total product of 69,287 tons of ore, only 684 tons were distinguished as 
first-class, having an average assay value of $275 47; while no assortment 
of second-class ore was made in that year. During the year ending July 1, 
1868, the average assay value of 78,4324 tons of ore produced by the Savage 
mine, and denominated as third-class, was, by two different methods of sam- 
pling, respectively, $52 01 and $55 11 per ton; the average yield being 
$37 20. In the following year the average assay value of 55,411 tons of 
third-class ore reduced was, by the two methods of sampling, $60 29 and 
$50 78 per ton; the average yield being $34 64. 
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In many of the mines the proportion of the second-class ore is so small, 
or the character of the ore so uniform, that no such distinction is made, the 
whole product being worked without assortment. About twenty-five to thirty 
per cent. of whole value contained in these ores is gold, the remainder is sil- 
ver. In the bullion produced the relative proportion of the gold is a little 
higher, as it is more easily saved than the silver. 

The silver of the first-class ores is intimately combined with sulphur, zinc, 
lead, iron, and other base metals, which render the extraction of the silver dif 
ficult. They cannot be profitably treated by the simple methods to which the 
more docile ores of the second and third classes are subjected, but are crushed 
dry, roasted with salt in reverberatory furnaces, and then amalgamated in barrels 
by what is known as the Freiberg process. This will be described with more 
detail further on. The ores of the second and third classes are treated by one 
and the same method, known as the pan process ; the chief difference, where 
any exists, in the details of treatment as applied to the two classes, consisting 
in the duration of time allowed for amalgamation and in the quantity of quick- 
silver and other chemicals used in the operation. 

In the following pages a general description of the method of treatment 
of these two classes of ores will first be given; the machinery employed for 
crushing, grinding, and amalgamating will then be described in detail; after 
which the costs of milling, the yield of the ore and its relation to the assay 
value, the operations of different mills, the treatment of the “tailings” or resi- 
dues, and other matters of interest will be discussed. 

Crusninc.—The ore to be treated by the ordinary Washoe process’ is 
delivered from the mine to the mill in pieces varying in size from fine particles to 
those as large as a man can lift. It needs first to be crushed to a fine condition. 
This operation is performed by stamps or heavy iron pestles that are lifted and 
allowed to drop in iron mortars into which the ore is thrown. The larger 
pieces of ore are first broken to a suitable size for feeding the stamps, either 
by a sledge or a mechanical rock-breaker, Blake’s machine being in general use 
for this purpose. 


1The process of pan amalgamation is commonly known as the ‘* Washoe process,” 
having been first used in the Washoe district. 
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The stamps vary in weight from 500 to 1,000 pounds; they are lifted and 
drop about 8 or 9 inches, making from seventy to ninety blows per minute; they 
are arranged in batteries, which consist, each, of one mortar with usually four 
or five stamps. Wet crushing is always employed for these ores; that is, a 
stream of water is admitted to the mortar with the ore, and, flowing off, carries 
with it the pulverized ore as soon as the latter is sufficiently reduced in size 
to pass through the screens placed in front of the discharging apertures of the 
mortar. 

The screens through which the crushed material is discharged from the 
mortar are either of brass wire-cloth, having 35 or 40 meshes to the lineal 
inch, or more frequently of Russia sheet-iron, perforated with fine holes. 
Screens of the latter sort, in general use, are known as Nos. 5 or 6. In the 
last named the hole has a diameter of 7, of an inch. 

In former years the amalgamation of the precious metals of the ore with 
quicksilver was carried on in the mortar, a supply of quicksilver for that pur- 
pose being introduced with the rock into the mortar. This feature of the proc- 
ess has, however, now been given up in the mills of the Washoe district. 
The stuff being discharged from the battery is conveyed in troughs by means 
of the flowing water to settling tanks, of which there is a series placed in front 
of the batteries. These tanks are usually built of plank, are 3 or 4 feet deep 
by 5 or 6 or more feet square, and are so arranged as to have communication 
with each other near the top, so that the stream of water carrying the crushed 
ore in suspension, having filled one tank may pass into the next, and so on 
through several, depositing the material and not finally leaving the tanks un- 
til it has become tolerably clear. The number of tanks must be sufficient to 
allow of a certain portion being emptied while others are receiving their sup- 
ply, and the conveying troughs are provided with gates so arranged that the 
stream can be adinitted to one portion of the tanks and shut off from the other 
at pleasure. The stream, having deposited in these tanks the bulk of the ma- 
terial, is still charged with slimes, or rock reduced to an impalpably fine con- 
dition, which is only settled by a slow process. For this purpose the stream 
is sometimes permitted to pass through other large settling tanks, or to slowly 


deposit its charge ina pond or dam outside the mill, where such an arrange- 
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ment is possible. These slimes forma variable and in some mills a large per- 
centage of the whole amount crushed; in some instances, it is stated, more than 
ten per cent.; and although they have a high assay value they have not until re- 
cently been worked successfully and with profit. When one or more of the 
settling tanks in the mill have been filled the stream is diverted from 
such to others that have been emptied, and the full ones are in their turn 
cleaned out, the sand or crushed ore being then subjected to the grinding 
and amalgamating process of the pan. 

GRINDING AND AMALGAMATION.—Pans.—The pans employed for this 
purpose present a great variety in the details of construction. Since 
the first “common pan,” a very simple form of apparatus, came into use, 
many inventors have exercised their ingenuity in devising improvements, 
and at present there are several different patterns, each of which has some 
special claim for excellence, and finds its advocates among the practical 
mill-men of the district. A more detailed description of some of these will 
be found further on. The common features are a round tub, see Plates X XI 
and XXII, usually of cast-iron, but sometimes with wooden sides, 4 to 
6 feet in diameter and about 2 feet deep, having a hollow pillar cast in the 
center, within which is an upright shaft projecting above the top of the pillar 
that may be set in revolution by gearing below the pan. ‘To the top of this shaft 
is attached, by means of a key or feather, a yoke or driver by which the muller 
or upper grinding surface is set in motion. To the bottom of the pan, on the 
inside, is fixed a false bottom of iron, cast either in sections, commonly called 
dies, or in one piece, having a diameter a little less than that of the pan, and 
with a hole in the center adapted to the central pillar. ‘This serves as the 
lower grinding surface. The muller, forming the upper grinding surface, is 
usually a circular plate of iron corresponding in size and form to the false bottom 
just described, having a diameter nearly equal to that of the pan, and a flat, 
conical, or conoidal form, according to the shape of the pan-bottom. Its un- 
der side is furnished with shoes or facings of iron, about an inch thick, that may 
be removed when worn down and replaced by new. The muller is attached to 
the driver, which is put on and over the central pillar of the pan and, being 
connected with the interior upright shaft as above described, is thus caused to 
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revolve. There are various appliances for raising or lowering the muller, so that 
it may rest with its whole weight upon the pan-bottom in order to produce the 
greatest grinding effect, or be maintained at any desired distance above it when 
less friction or mere agitation is required. Various devices are also in use for 
giving proper motion to the pulp, so that, when the muller is in revolution, the ma- 
terial may be kept constantly in circulation, passing between the grinding sur- 
faces and coming into contact with the quicksilver. Some pans are cast with 
a hollow chamber, an inch or two deep in the bottom, for the admission of 
steam in order to heat the pulp, while others employ only “live steam,” which 
is delivered directly into the pulp by a pipe for that purpose. 

The operation of the pan consists in the further reduction or grinding of 
the stamped rock to a fine pulp and in the extraction of the precious metals by 
amalgamation with quicksilver. The quantity of ore with which a pan is 
charged for a single operation varies from 600 or 800 to 4,000 or 5,000 pounds, 
according to the size of the pan. The ordinary charge of pans, most generally 
in use at present, is 1,200 to 1,500 pounds. 

In charging the pan the muller is raised a little from the bottom, so as to 
revolve freely at first, water is supplied by a hose pipe, and at the same time 
the sand is thrown into the pan with a shovel. Steam is admitted, either to 
the steam-chamber in the bottom of the pan or directly into the pulp. In the 
former case the temperature can hardly be raised as high as in the latter; but, 
on the other hand, when steam is introduced directly, care is necessary to avoid 
reducing too much the consistency of the pulp by the water of condensation. 
The pulp should be sufficiently liquid to be kept in free circulation, but thick 
enough to carry in suspension, throughout its entire mass, the finely divided 
globules of quicksilver. In some mills both methods of heating are employed 
in the same pans, the temperature being first raised with each charge by live 
steam, and afterward sustained by admitting steam to the chamber only, 
Some pans are covered with wooden covers to assist in retaining the heat. 
When properly managed the temperature may be kept at or near 200° Fah- 
renheit. When, in the use of live steam, the pulp becomes too thin the sup- 
ply of steam is cut off, the covers removed, and the pulp allowed to thicken 
by the evaporation of the water. The steam in the chamber may keep the 
temperature up to the desired point in the meantime. Another advantage of 
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the steam-chamber is that the exhaust-steam from the engine may be used in 
it, while for use in the pulp it is better and customary to take steam directly 
from the boilers, because that which comes from the cylinder of the engine is 
charged with oil and is injurious to amalgamation. The muller is gradually 
lowered after the commencement of the grinding operation, and is allowed to 
make about 60 or 70 revolutions per minute. In the course of an hour or 
two the sand should be reduced to a fine pulpy condition. When this has 
been accomplished, and by some mill-men at a still earlier stage (even at the 
beginning) of the operation, a supply of quicksilver is introduced into the pan, 
the muller slightly raised from the bottom to avoid too great friction, which 
would act to the disadvantage of the quicksilver, and the action continued for 
two hours longer, during which the amalgamation is in progress. The quick- 
silver is supplied by pressing it through canvass, so as to scatter it upon the 
pulp in a finely divided condition. The quantity varies greatly in different 
mills, the ordinary supply beg about 60 or 70 pounds to a charge of ore con- 
sisting of 1,200 or 1,500 pounds. In some mills a quantity, varying from 75 
to 200 or even 300 pounds, is put into a pan when starting up after a clean-up, 
and subsequently a regular addition of 50 or 60 pounds made with each 
charge. 

To promote amalgamation it is the general custom to add to the charge, 
either at or soon after the beginning of the grinding, or at the time of supplying 
the quicksilver, various materials generally described as “chemicals,” and 
usually consisting, at the present day, of sulphate of copper and salt. Since 
the first introduction of the pan process a great variety of substances supposed 
to effect the decomposition of the silver sulphurets and to facilitate amalgama- 
tion have been suggested by process-vendors, and employed by men possessing 
little or no knowledge of the science of chemistry. ven tobacco-juice, de- 
coction of sage-bush, and various other equally absurd ingredients are said to 
have been used by some operators and believed to be effective reagents in the 
decomposition of the ore and amalgamation of the silver. The long list of mate- 
rials once in use has now been reduced, excepting in few places, to sulphate of 
copper and salt. The quantity used varies from a quarter or half a pound to three 
or four pounds to each charge of ore; the two substances being employed in 
very variable proportions in different mills. The action of these, however, 
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which is generally supposed to be analogous to that produced by the same re- 
agents in the Mexican “ patio” process, is but imperfectly understood, and their 
efficiency, at least in the manner and proportions in which they are at present 
employed, may well be doubted. This is apparent from the fact that in some 
mills both sulphate of copper and salt are used, in others only the first is 
used without the second, and in others only the second without the first, or, if 
at all, in proportions so minute that its efficient action is incredible; others have 
dispensed with the use of “chemicals” altogether, and under all these varying 
circumstances equally good results have been obtained. Some mills, accus- 
tomed to use both salt and sulphate of copper, have dropped either one or the 
other, while working continuously on the same kind of ore, without perceiving 
any difference in the result; and it is the opinion of many intelligent mill-men 
that neither salt nor sulphate of copper, in the manner and quantity as at 
present employed, are essential to the efficient working of the ore in pans. 
This subject will be further discussed on a following page. 

Two hours having been devoted to the grinding, and two or three more to 
amalgamation, the pan is discharged and its contents received by a settler or 
separator. The discharge of the pan is usually aided by a supply of water, 
which dilutes the pulp and permits it to run freely from the pan into the set- 
tler. The pan being emptied and partly washed out by the stream of water, 
is again charged with a fresh quantity of sand and the grinding operation is 
resumed without delay. 

SETTLERS OR SEPARATORS.—These, like the pans, differ somewhat in details 
of construction, but they usually are round tubs of iron or of wood with cast-iron 
bottoms, resembling the pans in general features, but larger in diameter. A 
hollow pillar or cone, C, Figs. 1 and 2, Plate XVII, is cast in the center of the 
bottom, within which is an upright shaft, S. This shaft is caused to revolve 
by gearing below the pan. To its upper end is attached a yoke or driver, D, 
that gives revolving motion to arms, A, extending from the center to the cir- 
cumference of the vessel. The arms carry a number of plows, or stirrers, of 
various devices, usually terminating in blocks of hard wood, P, that rest lightly 
on the bottom. No grinding is required in the operation, but a gentle stirring 
or agitation of the pulp is desired in order to facilitate the settling of the 
amalgam and the quicksilver. The stirring apparatus, or muller, makes about 
fifteen revolutions per minute. 


Plate XVII. 


SHPARATOR or SETTLER. 
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The settler is usually placed directly in front of the pan and on a lower 
level, so that the pan is readily discharged into it. In some mills two pans are 
discharged into one settler, the operation of settling occupying four hours, or 
the time required by the pan to grind and amalgamate another charge. In 
other mills the settling is allowed only two hours, and the two pans connected 
with any one settler are discharged alternately. 

The consistency of the pulp in the settler is considerably diluted by the 
water used in discharging the pan and by a further supply, which in many 
mills is kept up during the settling operation. In other mills, however, the 
pulp is brought from the pan into the settler with the addition of as little 
water as possible, and allowed to settle fora time by the gentle agitation of the 
slowly revolving muller, after which cold water is added in a constant stream. 
The quantity of water used, affecting the consistency of the pulp, and the 
speed of the stirring apparatus are important matters in the operation of set- 
tling or separating. Since the object of the process is to allow the quicksilver 
and amalgam to separate themselves from the pulp and settle to the bottom of 
the vessel, itis desirable that the consistency should be such that the lighter 
particles may be kept in suspension by a gentle movement, while the heavier 
particles fall to the bottom. If the pulp be too thick the metal will remain 
suspended; if it be too thin the sand will settle with it. Too rapid or too 
slow motion may produce results similar to the above-named, because by too 
violent motion the quicksilver will not be allowed to come to rest on the bot- 
tom, while if the motion be too slow the coarser sand will not be kept in cir- 
culation. 

A discharge hole, near the top of the settler, permits the water carrying 
the lighter portion of the pulp to run off, and at successive intervals the point of 
discharge is lowered by withdrawing the plugs from a series of similar holes, 
h, h, in the side of the settler, one below the other, so that finally the entire 
mass is drawn off, leaving nothing in the settler but the quicksilver and 
amalgam. ‘There are various devices for discharging these. Usually, there 
is a groove or canal in the bottom of the vessel, as shown in Figs. 1 and 
2, Plate XVII, leading to a bowl, B, from which the fluid amalgam may be 
dipped or allowed to run out by withdrawing the plug, p, from the outlet- 


pipe. 
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The quicksilver charged with amalgam is carefully cleaned by washing 
with water and removing from the surface the associated impurities such as 
heavy particles of dirt, pyrites, &c. In some cases the cleaning is performed 
ina small iron pan, resembling the settler in manner of construction but much 
smaller, in which it is stirred slowly with plenty of clean water, which serves 
to wash out the impurities and remove them from the pan. When properly 
cleaned the amalgam is strained through a canvas filter or conical bag, 10 or 
12 inches in diameter at the top, and 2 or 3 feet long. (See Fig. 8, Plate 
XVIII.) The quicksilver is drained off and returned to the pans for further 
use, while the amalgam is thus obtained for the retort. 

In some mills this straining is not performed after every charge of ore, 
as is the case in others, but only at stated times, say once in twenty-four 
hours, or once in three or four days. Under such circumstances a consider- 
able quantity of quicksilver is kept in the settler, sometimes 200 or 300 
pounds. This excess of quicksilver, holding the amalgam in solution, is in a 


highly fluid condition, and when discharged from the settler by means of the. 


tube and cistern just described, it is returned to the pan for further amal- 
gamation, its “charged” condition—that is, having silver already in combina- 
tion—being considered an advantage, as it is thought to be more active than 
pure metal in the amalgamating process. In some mills, at a stated hour of 
each day, the quicksilver coming from the settlers is strained and the amal- 
gam extracted; in others, as the quicksilver thickens or becomes sluggish by 
the accumulation of amalgam, it is diluted by the addition of fresh quick- 
silver, and the straining of the amalgam is only made once in several days 
From time to time, as at the end of the month or other given period, 
or when any special lot of ore has been finished, of which it is desired to 
know the exact yield, the pans and settlers must be stopped and cleaned up 
thoroughly. For this purpose the mullers must be raised, the shoes and dies 
removed from their places, and all the iron work of the pans and settlers care- 
fully scraped with a knife to remove and collect the hard amalgam which 
attaches itself to such surfaces. In many cases one-fourth or even a greater 
proportion of the total product of amalgam is obtained in this way. 
Rerortine anp Mettive.—-The amalgam, having been strained in the 
bags and forcibly pressed, in order to expel as much of the fluid quick- 
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silver as possible, is then subjected to the process of sublimation, by which 
means the quicksilver is separated from the gold and silver. This is 
effected in a cast-iron retort. The retorts in use are of various forms, 
but, the most-approved is cylindrical, about 12 inches in diameter inside, 
and from 3 to 5 feet long; the casting being an inch and a half thick. 
(See Figs. 1 and 2, Plate XVIII.) The open end of the retort, or the 
end by which the charge is introduced, is cast with a flange or hood into 
which the door or cover of the retort is fitted. Within the cylindric por- 
tion of this flange or hood are two inclined lugs, opposite each other. A 
bar or bale, turning upon a pin in the center of the door, holds it firmly 
in its place by the ends of the bar being turned under the inclined lugs. 
When charged, the joint between the door and the bottom of the flange 
is made tight by means of clay luting. Another method of securing the 
door is shown in Fig. 9, Plate XVIII. The opposite end of the retort is 
usually made conoidal in form. In such case the main cylindrical portion, 
12 inches in diameter, is 3 feet long, at which point the diameter of the con- 
oidal neck is gradually diminished to 24 inches at the extreme end of the re- 
tort, from which the exhaust pipe, 0, the purpose of which is to afford escape to 
the volatilized quicksilver, turns downward and passes through the condenser, 
the construction of which is shown in Fig. 8. This is usually arranged on the 
principle of the Liebig condenser and consists of a pipe, a, of considerably 
larger diameter than the exhaust pipe, 6, so that the latter may pass entirely 
through the former, which, when in use, is kept constantly supplied with 
cold water by a pipe, d, opening into the bottom, the heated water flowing off 
at the outlet, e, near the top. The quicksilver condensing in the exhaust- 
pipe falls into a receiver, placed under the end of the pipe, and which is also 
nearly full of water. The end of the exhaust pipe dips below the surface 
of the water to prevent access of air but not sufficiently to permit the pas- 
sage of the water into the heated retort under any circumstances. 

The retort is set in a brick furnace of simple construction, sometimes 
supported by a brick arch, through which a number of flues permit the pas- 
sage of the heat from the fire-place below, sometimes resting on cross-bars of 
iron, the ends of which are fixed in the brick sides of the furnace, as shown in 
Fig. 1, Plate XVIII. Directly below the retort, extending under its whole 
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length, is the fire-place and ash-pit. Above it is an arch, from the top of which 
the flues, f, lead to the stack. Some retorts are set in such manner that tempo- 
rary brick-work may be built up in front of the door during the sublimation to 
prevent the escape of heat. Dampers are so arranged that the heat may be 
applied more or less vigorously to the front, back, or middle of the retort 
according to its requirements. 

The retort is furnished with amalgam trays, illustrated by Fig. 4, Plate 
XVIII, having a semi-circular shape adapted to the bottom of the cylinder. 
There are usually several of these, and they are of a size convenient for handling 
when loaded with amalgam. In many mills, however, they are not used, the 
amalgam being charged directly upon the bottom of the retort. Before intro- 
ducing the amalgam into the tray or the retort the surface of the latter is covered 
with a thin wash of clay or slime, such as is produced in stamping, to prevent 
the metal from adhering to the iron. Whiting, wood ashes, or paper are some- 
times used for this purpose and recommended as being less likely to choke the 
pores of the bullion. The amalgam being placed in the retort and the door 
properly adjusted and luted with clay, the fire is lighted and heat is applied, at 
first very gently and afterward gradually increased. If heated too strongly 
at first the surface of the bullion in contact with the retort is liable to fuse 
and prevent the escape of quicksilver from the central part. The charge 
for a cylinder of the dimensions above described is about 1,200 pounds. The 
firing usually occupies about eight hours. When quicksilver ceases to vola- 


tilize, the retort is gradually cooled down and the bullion withdrawn. About — 


one-sixth of the original charge usually remains, or 200 pounds of crude bul- 
lion from 1,200 pounds of amalgam. This retorted amalgam is broken up, 
melted, and cast in ingots ready for market. The melting furnace commonly 
used for this purpose is shown in Figs. 5 and 6 on Plate XVIII. Fig.5isa 
front elevation of a double furnace. The cover of the left-hand furnace is re- 
moved, showing the size and position of the flue. Fig. 6 is a transverse 
section on the line A Bin Fig. 5, Fig. 12 shows the tongs for removing the 
melting pot. Fig. 10 shows the form of ingot mold usually employed. The loss 
of weight in melting the retorted amalgam, or crude bullion, is between two and 
three per cent. The ingots, when obtained, are assayed, and their fineness, ex- 
pressing the proportions of gold and silver contained in thousandths, as well as 
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their coin value, in dollars and cents, are stamped upon them. The value of 
the ounce of bullion ready for market usually varies between $1 75 and $2 ; 
the gold representing about one-third and the silver about: two-thirds of the 
whole amount. 

The pulp, after passing from the settlers, in which, as before described, 
the quicksilver and amalgam are separated from it, is variously treated in 
different mills. Frequently the whole mass is allowed to pass through agi- 
tators, tubs or vats of various devices, for the purpose of saving some of 
the quicksilver and amalgam that is unavoidably carried off with it from the 
settler. In some mills various kinds of concentrators are employed for a 
similar purpose, and to obtain the heavy undecomposed sulphurets in concen- 
trated form; in other cases, where there is water sufficient and the lay of the 
land favorable, blanket-tables are constructed outside the mill, over which the 
stream of tailings’ is allowed to run, and a portion of their valuable contents 
caught in blankets; and, at convenient points, dams are constructed for the 
accumulation of tailings, which, after months of exposure to the influences of 
the weather, may be again worked over with profit. 

The ordinary working result obtained by treating the ore as above 
described in the pan and settler varies between sixty-five and seventy-five 
per cent. of the assay value, which, by subsequent treatment, as just indicated 
in the foregoing paragraph, is increased sometimes to eighty-five or ninety per 
cent., or possibly a little more. This subject, as well as the costs of working 
and many other interesting details connected with the business, will be con- 
sidered more minutely further on, after having first described, in detail, some 
of the various kinds of crushing and grinding machinery employed in the 
process, of which the main features have just been given. 


1The term “ tailings” is applied to the residue of sand or pulp that leaves the sep- 
arator or agitator after the principal portion of its valuable contents has been extracted. 
The term “slimes” generally applies to that portion of the ore which is crushed under 
the stamps to an impaJpably fine condition, and which usually passes out of the mill 
without being deposited in the tanks, where the coarser sands are collected for pan 
treatment. The difference in the value, mechanical condition, and methods of treatment 
of “tailings” and “ slimes” makes the distinction between them an important one. 
That part of the “ tailings” which, by grinding in the pan, has been reduced to a slimy 
condition, is sometimes called “pan slimes,” and thus distinguished from “ battery 
slimes.” 


206 MINING INDUSTRY. 


SLC TLON wo 


DETAILS OF MACHINERY EMPLOYED IN CRUSHING AND AMAL- 
GAMATING! 


The machinery of a mill for the treatment of silver ores by the ‘wet 
process,” or method just indicated, consists of rock-breakers and stamps for 
crushing; pans, for grinding and amalgamation; settlers, for the separation of 
the quicksilver and amalgam from the pulp; agitators, which are supplemen- 
tary to the settlers, and save escaping quicksilver; various appliances for the 
concentration of the residue, or “‘tailigs;” the retort for the sublimation and 
separation of the quicksilver from the precious metals; besides the motive 
power and its auxiliary parts. 

The rock-breaker generally in use is Blake’s.. It serves simply to crush 
the large pieces of rock to fragments of smaller size, not exceeding a few 
cubic inches, which are then conveniently supplied to the stamps. The 
machine is well known, not only in mining regions but throughout the 
country, being employed in breaking stone for road-making and other pur- 
poses. It hardly needs a detailed description here. 

Sramps.—The stamps consist of a series of heavy pestles of iron, which 
are lifted to a height varying from 7 to 15 inches, and allowed to fall upon the 
ore that is to be crushed. They work ina mortar or trough, also of iron, into 
which a constant supply of ore is introduced, and from which the crushed ma- 
terial escapes through openings furnished with closely fitting screens, as soon 
as it is reduced to the desired degree of fineness. The mortar is usually rectan- 
gular in form, and contains from three to six, commonly five, stamps, forming 
what, in this country, is called a ‘‘battery.” The mortars rest on a solid 
foundation, and are established in a substantial framework of timber. The 
stamps are lifted by means of revolving cams or arms of iron, keyed to a cam- 


1 Although the writer has prepared this section almost entirely from his own notes 
or personal observation, he has made frequent reference to several well-known works, 
chief among which is KUSTEL’S CONCENTRATION AND CHLORINATION, an excellent 
treatise on the mechanical preparation of ores. PROFESSOR GAETZSCHMANN’S valu- 
able work, “Die Aufbereitung,” and RITTINGER’s ‘“ Lehrbuch der Aufbereitungs- 
Kunde,” are commended to the student as complete and thoroughly scientific discus- 
sions of the same subject. 
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shaft, which is placed directly in front of the batteries, and which receives its 
motion from the driving power of the mill. The stamps move vertically 
between guides that form a part of the battery frame. 


Fig. 1, on Plate XIX, shows a front elevation, and Fig. 2, a transverse 
section, on the line A B of Fig. 1, of two five-stamp batteries, the several 
parts of which are indicated by the table of reference accompanying the 
drawing. 

The foundation for the batteries in stamp mills generally preferred in 
Nevada, as well as in California, consists usually of heavy timbers, standing 
vertically, placed close together, and firmly connected by means of cross tim- 
bers and bolts of iron. ‘The timbers are from 6 to 12 feet long, according to 
the character of the ground and the desired height of discharge for the mor- 
tar. Sometimes they stand on a horizontal timber, so laid as to serve as the 
base of two or more batteries, and resting upon the ground, the surface of 
which has previously been removed and leveled down sufficiently for the 
whole number of batteries to be placed on a firm bottom. When the founda- 
tion-timbers are in place, the space about them is packed and stamped as 
firmly as possible with clay or earth. Where the ground on which the bat- 
teries are to be built is a hard, compact gravel or a firm, clayey material, the 
surface is sometimes leveled off so as to admit of laying the transverse sill- 
timbers, 7, of the battery frame, and a narrow pit is then excavated, only 
long and wide enough to receive the ends of the mortar-blocks, and several 
feet deep, into which the posts or blocks are introduced, in a vertical position, 
their bottom ends resting directly on the ground, without any intervening 
horizontal timber. ‘The remaining space in the pit may then be compactly 
filled with clay that is pounded or stamped firmly into its place. The sill- 
timbers, 7, and the battery posts, C, are securely bolted to the foundation- 
timbers. The posts, C, are braced by the timbers, D, and the rods, R, and 
are connected by the tie timbers, G, G’, which also support the guides, g, g’. 

Morrtars.—-The mortars are now usually placed directly upon the verti- 
cal mortar-blocks, without any horizontal piece intervening, and are secured 
in their place by bolts shown in the figure. They may be constructed of 
wood and iron, having a solid iron bed-plate, with sides and ends of wood, 
forming the stamping trough; or they may be made entirely of iron. In the 
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former case there is often great difficulty in keeping the mortar tight enough 
to prevent leakage and consequent waste of ore. 

The mortar in general use for wet-crushing is an iron box or trough 
about 4 or 5 feet in length and depth, and 12 inches, inside, in width, and so 
cast that bottom, sides, and ends are in one piece. A front and end view of 
one of the most-approved forms is shown in place, in the drawing of a bat- 
tery of stamps, on Plate XIX. The feed opening, /, is an aperture about 3 
or 4 inches wide and nearly as long as the mortar, by means of which the 
rock is supplied to the stamps. On the opposite side is the discharge open- 
ing, furnished with a screen, 7, through which the crushed material must 
pass. This opening is as long as the mortar, or nearly so, and 12 to 18 inches 
deep, the lower edge being 2 or 3 inches above the top of the die. In some 
mortars, especially for dry crushing, the discharge is on both sides, in which 
case the feed-opening is above the screen; but the single discharge is in gen- 
eral use in the Washoe district. 

The screen is attached to a screen frame, 7, which is secured in grooves 
cast in each end of the mortar, and by two lugs, 0, cast in front of the dis- 
charge-opening, being held firmly in place by a wedge driven behind it in the 
grooves just referred to. 

Screens are sometimes placed vertically, sometimes inclined, as shown 
in the figure. The discharge is generally thought to be better in the latter 
case. Screens are made of fine brass wire-cloth, having from 40 to 60 meshes 
to the lineal inch, or, more generally for wet-crushing, of Russia sheet-iron, 
perforated by finely punched holes, varying from 7, to +; of an inch in diam- 
eter. The wire-cloth or sheet-iron plate is attached to the screen-frame by 
nails or screws. The punched plate is preferred for wet crushing. 'The wire- 
cloth, though affording more discharging surface, wears out faster, and not 
only is more liable to break, and so permit large particles to pass through, but 
frequently stretches, givmg meshes of irregular size. A piece of canvas is 
usually hung before the screen for the crushed ore to splash against as it 
issues from the mortar, falling thence into the trough below. 

Dres.—The mortar is furnished with dies which are so fixed in the bot- 
tom as to receive the blow of the stamp and sustam the wear which would, 
in its absence, fall upon the mortar itself The die is a cylindrical piece of 
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cast iron, corresponding in form to the shoe of the stamp that falls upon it. It 
is from 4 to 6 inches high. In the bottom of some mortars there are circular 
recesses made for the reception of the dies which are caused to fit into them. 
In others, to prevent the rock from working in under the die and displacing it, 
the circular recess in the bed-plate is cast with a flange, and the die with a 
small projection or lug. A groove is also made in the bottom of the mortar, 
so that the die may be introduced with its lugs droppmg into the groove. 
The die being then turned about 90 degrees, the lugs come under the flanges 
of the recess and the die consequently held in place. A simpler and the most 
common form is to cast the cylindrical part of the die on a flat, square base, as 
shown in Fig. 1, Plate XX. The bottom of the mortar is also made flat and the 
dies dropped in, resting on their bases, which just fill up the space in the bot- 
tom of the mortar. The corners of the bases of the dies are beveled off so 
as to allow the insertion of the point of a pick, by which means they can be 
taken out when necessary. 

In addition to the dies, plates of iron, a half-inch thick, are sometimes 
applied to the sides and ends of the mortar, exposed to constant wear, which, 
like the dies, can be taken out and renewed when necessary. ‘The top of the 
mortar is covered by two pieces of plank, cut so as to fit closely, and resting 
on flanges cast on each end. Semi-circular recesses, cut opposite each other 
on the adjacent edges of the two pieces of plank, afford a passage for the 
movement of the stamp-stems. 

The stamp consists of a stem or lifter; a head or socket, attached to the 
lower end of the stem, and furnished with the shoe, a movable part which 
sustains the force of the blows and the wear of the operation ; and the collar, 
or tappet, by means of which the revolving cam lifts the stamp for its fall. 
The stem is a round bar of wrought iron, about three inches in diameter, 
usually turned in a lathe. Its length is 10 or 12 feet. Its lower end is 
slightly tapered and corresponds in form to a socket or conical hole in the 
upper part of the stamp-head. The rest of the stem is usually made round 
throughout its entire length, the method, now in general use, of attaching 
tne tappets to the stems not requirmg any modification in the form of the 
latter, as was formerly the case. 


The stamp-head, illustrated by Fig. 2, Plate XX, is a cylindrical piece 
27 
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of tough cast iron about 8 inches in diameter and 15 inches high. In its 
upper end is a socket, shown by dotted lines, corresponding with the axis of 
the cylinder and conical in form, designed to receive the slightly tapermg end 
of the stem, to the dimensions of which it must be adapted. This conical 
hole, or socket, is about 7 inches deep.. At its bottom is a hole, or key-way, 
a, passing through the head, at right angles to the cylindrical axis, by which 
passage a key may be driven in to force the head from the stem when neces- 
sary. 

To attach the stamp-head to the stem, the latter is placed in its position 
between its guides, and the head standing immediately under it. The stem 
being dropped enters the socket, and a few blows of the hammer drive it in 
with sufficient force to cause the head to be raised when the stem is lifted. 
The stem and head, being suffered to drop together a few times, become 
firmly connected. In the lower end of the head is a similar hole or socket, 
b, but larger than the upper one, likewise tapering or conical in form, made 
to receive the stem or shank of the shoe, which is thus connected with the 
head in similar manner; a rectangular hole, or passage, c, through the head 
at the end of this lower socket permits the removal of the shoe in the same 
way as the stamp-stem is forced out from the upper socket. A stout wrought- 
iron hoop encircles each end of the stamp-head, being fitted and driven on 
when hot and allowed to shrink in place. 

The shoe in common use in these mills is a cylindrical piece of cast iron 
about 8 inches in diameter and 6 inches high, above which is a shank or stem, 
the base of which is 4 or 5 inches in diameter, tapering in form and about 5 
inches high. It is made of the hardest white iron. It is attached to the head 
in manner somewhat similar to that just described for connecting the head 
and the stem, but is wedged on by means of strips of pme wood. These 
strips which are cut about as long as the stem of the shoe, a quarter of an 
inch thick and about a half an inch wide, are placed around the stem of the 
shoe and tied with a piece of twine, as shown in Fig. 3, Plate XX. They 
must be thick enough to wedge the stem of the shoe firmly in its socket, 
without allowing the head to come in contact with the body of the shoe. 
When the shoe is ready to be fixed to the head it is placed in proper position 
with the stem of the shoe directly under the socket of the head, and the 
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stamp and head are then allowed to drop upon it. If necessary, a few blows 
of the hammer must be struck upon the top of the stamp-stem. The whole 
may then be raised, the shoe keeping its place, and suffered to fall repeatedly 
until the shoe is firmly established in the socket. During this operation a 
piece of plank is interposed between the die on the bottom of the mortar and 
the shoe for the latter to strike upon. Whenever a shoe has been worn out 
it may be removed from the socket by driving the key into the key-way, c, 
and forcing it off. Care is required that the shoe does not become so thin as 
to permit the head to sustaim undue wear and so become weakened. Shoes 
should be removed when worn down to one inch of thickness. 

The collar, or tappet, is a projecting piece, firmly secured to the upper 
part of the stem, by means of which the revolving cam may lift the stamp 
and let it fall upon the substance to be crushed. 'Tappets vary in form and 
method of attachment to the stem, but that which seems to combine the 
greatest number of advantages and to have been most generally adopted in 
California and Nevada is that which is known as Wheeler’s gib-tappet. Fig. 
4, on Plate XX, shows an elevation and vertical section of this contrivance. 
It isa piece of cast iron, cylindrical in form, about 8 inches in height and 
diameter, hollow at the center so as to receive the stamp-stem. ‘To secure 
the tappet to the stem there is a gib, g, about 2 inches wide and nearly as 
long as the tappet, having its inside face curved so as to correspond in form 
to the circular hole through which the stem passes. ‘The gib being fixed in 
its place in the tappet and the latter bemg put upon the stem, it is pressed 
against the stem by means of two keys, &, #, driven into the key-ways, with 
force sufficient to hold the tappet and stem firmly together and prevent slip- 
ping between them. ‘This is found to be a very effective method of securing 
the tappet while permitting it to be fixed at any desired point on the stem, 
according to the wear of the shoe. The stem is uniform in size and the work 
of cutting facings, screw-threads, and key-seats on the stem, required by 
other methods in use elsewhere, is thus avoided. 

The rotary motion of the stamp, imparted by the friction of the cam 
against the tappet, is in very general use in Nevada. This is one of the ad- 
vantages offered by the use of round shoes, stems, and tappets. The revolv- 
ing cam, meeting the tappet, and raising the stamp, causes it while being 
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lifted to make a partial revolution about its vertical axis, which rotary mo- 
tion being continued during the free fall of the stamp, produces a grinding 
effect between the shoe and die upon the substance to be crushed. Not 
only is the effective duty of the stamp at each blow increased in this way, but 
the shoe wears down much more evenly than when it falls without such 
rotary motion. 

Gumpes.—The stamp is held vertically in its movement by guides, 
between which the stem passes. ‘These were formerly made of iron, but 
such have been almost entirely replaced by wooden ones in Nevada and Cal- 
ifornia. One set of guides is placed below the tappet, about a foot above the 
top of the mortar; the other set is placed near the top of the stem, so that 
six inches or a foot of the latter may project above the guides. They are 
supported by the cross-timbers, or ties, G, G’, which form a part of the battery 
frame, connecting the two uprights or posts. They are usually made of pine, 
though hard wood is preferred, and are from 10 to 16 inches wide. One 
part of the guide is made in a single piece for the whole battery, bolted to 
the cross-timber; the other part may be in one piece like the first, or cut into 
as many pieces as there are stamps in the battery, as in Fig. 5, Plate XX, - 
which are then secured to the corresponding part by bolts. In each part are 
cut semi-circular recesses, which, when the two parts are put together so 
that the recesses correspond, the holes or stemways for the reception of the 
stamp-stems are formed. When the guides are so worn by friction as to 
permit too much motion of the stems, they may be dressed down on their 
adjacent faces, by which means the recesses are reduced to nearly the proper 
dimensions. 

Cams.—The cam is a curved arm fixed to a shaft, which is so placed in 
front of the battery that, by the revolution of the shaft, the cam is brought 
into contact with the tappet of the stamp-stem, causing the latter to rise to a 
height determined by the length of the cam, and to fall at the moment of i‘s 
release from such contact. 

In Nevada the cams are made of tough cast iron, and are usually ‘‘ double 
armed,” that is, having two arms attached to one central hub. Figs. 6 and 
7, on Plate XX, show the form of cams most generally in use; in Fig. 7, @ 
is the hub, 6, b are the arms, c is the face, and d, a strengthening rib. 
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The proper curve of the face of the cam, in order that it may perform 
the desired duty with the least friction, is the involute of a circle, the radius 
of which is equal to the distance between the center of the cam-shaft and the 
center of the stamp-stem. This produces a line for the face of the cam which 
meets, better than any other, the various requirements. The bottom of the 
tappet is constantly perpendicular to the radius of the curve of the cam; the 
tappet, and with it the stamp, is lifted vertically and uniformly, so that the 
lift of the stamp is always regularly proportioned to the revolution of the 
cam-shatt. 

The cam-curve may be constructed on paper by means of tangents, as 
shown in Fig. 6, Plate XX. Ifc represents the center of the cam-shaft, and 
cr the distance from the center of the cam-shaft to the center of the stamp- 
stem, the circle described about c, with cr as a radius, is the developing circle 
of the involute. ‘The distance, representing the height to which the stamp is 
to be lifted, is laid off upon the circumference of this circle, as from the point — 
1; which distance is subdivided into a convenient number of equal parts, 
determining, as in Fig. 6, the points 2, 3, 4,* * * * * 13. From each one 
of these points in the circle a tangent is drawn, on which is laid off a distance 
equal to the length of are between the point 1 and the point from which the 
tangent is drawn. All the points thus determined in the tangent-lines are 
points in the cam-curve, and may be connected, as shown in the figure, thus 
producing the line for the face of the cam. 

In practice the line of curvature is produced by cutting from a thin board 
a circular piece, the radius of which is equal to the horizontal distance from 
the center of the cam-shaft to the center of the stamp-stem. Ata given 
point on the periphery of the circular piece is fixed one end of a thread, 
which must have the length of the greatest desired lift of the stamp, and to 
the other end of which is attached a pencil point. 

The circular piece, with the attached thread wound on the periphery of 
the circle, is laid on a smooth board, on which the line is to be traced, and 
the thread, beg constantly stretched to its furthest reach, is unwound until 
it forms a tangent to the circle at the pomt where the other end is attached. 
The line described by the pencil point is the desired curve. 

Some builders slightly modify this curve, giving to the cam-arm a greater 
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curvature near each of its ends, in order that the cam, in its revolution, may 
come in contact with the tappet at the least practicable distance from the 
cam-shaft, where the concussion is less than at a greater distance, and to 
diminish the friction between the extreme end of the cam and the face of the 
tappet. The face of the cam is 2 or 24 inches wide. Its extreme end is 
fashioned so as to correspond to the outer edge of the tappet, which is circu- 
lar. The cam is placed as near the stamp-stem as practicable, without com- 
ing in contact with it. The cams are caused to revolve by means of the cam- 
shaft, to which they are secured by one or, sometimes, two keys or wedges. 

The cam-shaft is a round shaft of iron, which is smoothly turned and 
finished, having one or two key-seats or grooves, cut in it lengthwise, for the 
purpose of securing the cams in their places. The shaft rests in boxes, which 
are usually supported by shoulders cut on the upright posts of the battery 
frame. Cam-shafts vary in diameter from 4 to 6 or 7 inches, according to 
the number of cams to be fixed upon them and the weight of the stamps to be 
raised. In some mills a single cam-shaft is made long enough to carry all the 
cams for as many batteries as there may be. In Nevada and California, how- 
ever, short cam-shafts are in general use, a separate shaft beg employed for 
each battery, or, in many cases, one shaft for two batteries. Separate cam- 
shafts are preferred, on account of the independence of each battery, so that 
if one be stopped by any accident to the cams or the stamps, or for repairs of 
any kind, the operation of the others is uninterrupted. ach shaft, in such 
case, is driven by its proper pulley, which receives its motion, by means of 
belting, from a countershaft. In the figures on Plate XIX the pulleys and 
belting are shown. The cam-shaft is set in motion by applying the tighten- 
ing pulley to the belt. 

The number of stamps in each battery is commonly four or five. The 
latter number seems to be preferred. The order in which they are allowed 
to drop is not always arranged in the same manner in different mills, but the 
desired conditions are that the weight of the stamps to be raised may be uni- 
formly distributed on the cam-shaft, so that the weight of metal lifted may 
be, as nearly as possible, the same at any moment of the revolution, and that 
each stamp may fall effectively wpon the material to be crushed, and, by the 
force of its blow, aid in the proper distribution of the stuff among its neigh- 
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boring stamps. If the stamps are allowed to rise and fall in regular succes- 
sion, from one end of the battery to the other, the material is usually found 
to accumulate at one end, and the effective duty of all the stamps greatly 
diminished. The order must therefore be varied. In a five-stamp battery a 
common arrangement is to let fall first the middle stamp, then the end stamp 
on the right, then the second stamp on the left, then the second stamp on 
the right, and finally the end stamp on the left. The order in which the 
stamps are to fall being determined, it is carried into effect by fixing the 
cams on the shaft in such position that each cam, by the revolution of the 
shaft, will lift its respective stamp at the desired moment. For this purpose 
the key-seats cut in the hub of the cam must be determined with care; one 
common key-seat being cut on the cam-shaft, when the desired position of any 
given cam has been ascertained, the key-seat in the hub is cut to correspond 
with that of the shaft. 

When it becomes necessary to hang up a stamp so that the cam may 
revolve without reaching the tappet, it is supported by a prop or stud, n, 
which is shown in the drawing on Plate XIX. The lower end of the studs, of 
which there is one for each stamp, is pivoted on a small shaft fixed across the 
battery from end to end, resting in boxes, which are secured to the uprights. 
Each stud is just long enough to support the stamp, when placed under the 
tappet, at a height which is about an inch above the highest lift given by the 
cam. ‘To bring the end of the stud into this position, when desired, the work- 
man lays a smooth stick on the face of the cam as it is rising to the tappet, 
and holds it there while the stamp is lifted. The stick is as wide as the face 
of the cam, long enough to be held conveniently, and an inch and a half thick 
at the end which comes between the cam and tappet. By this means the 
stamp is raised high enough for the stud to be put in place, which being done, 
the stamp is supported above the reach of the cam. To set it again im motion 
the operation is repeated, the stud being withdrawn at the moment when the 
stick on the face of the cam has lifted the stamp clear of its support. 

In Nevada the weight of stamps in most general use is between 600 and 
700 pounds. They are usually run at about 70 or 80, sometimes 90 or even 
100, blows per minute; they drop from 7 to 10 inches, according to their 
speed, the greater number of blows per minute requiring shorter lift. In 
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reducing the quartz of the Comstock lode by wet crushing, discharging through 
a No. 5 or No. 6 screen, the average duty is about two tons in twenty-four 
hours. In some mills it is said to reach three tons per day. Much of the 
effectiveness of the stamps depends on the degree of care devoted to keeping 
the working parts in good condition and with the regularity with which they 
are supplied with ore. ‘This is commonly done by hand labor, the rock being 
shovelled in at such rate as it is crushed and discharged. In some mills, 
however, automatic feeders are employed, which give satisfaction. ‘These 
consist of a hopper, filled with ore, from which a trough or chute leads to the 
feed-opening of the battery, so inclined that the ore will slide down from the 
hopper to the battery, if the chute, which is hung on a pivot, be agitated. A 
rod is attached to the chute, and so placed that the tappet of the stamp, when 
the latter gets so low as to require an additional supply of rock, will strike its 
upper end, thus giving a shock which causes the ore to move down and fall 
into the battery. 

QUANTITY OF WATER USED.—The quantity of water consumed in the bat- 
teries varies with the character of the ore and the degree of fineness to which 
it is crushed. Usually, in the mills of the Washoe district, the consumption 
is between 250 and 300 cubic feet per ton of rock treated, or from one-third 
to one-half of a cubic foot of water per stamp, per minute; but this includes 
the water used in the pans which does not pass through the batteries. 

At the Petaluma mill the supply tank contains 4,400 cubic feet of water, 
which is sufficient for eight hours’ work of full duty. The mill has 24 stamps, 
which crush 55 tons of rock per day, discharging at only one side of the mor- 
tar, through a No. 6 punched screen. ‘The consumption, in this instance, is 
equal to 240 cubic feet of water per ton of rock, or 38; of a cubic foot ot 
water per stamp, per minute. Making a due allowance for a portion of the 
water used in amalgamation, without having passed through the batteries, the 
quantity actually used in crushing, in this mill, does not exceed one-fourth, 
or possibly three-tenths, of one cubic foot per stamp, per minute. 

The method of measurement, in the delivery of water, is by “miners 
inches.” A “miners’ inch” is the quantity of water that will pass through an 
orifice one inch square in the side of the measuring box, under a head, usually, 
of six inches. The measurement is not uniform throughout the country, as 
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different heads are used in different places. Generally, however, in Califor- 
nia the aperture is made two inches deep and as long as need be in order to 
furnish the requisite number of inches, and the water in the measuring box, 
which is at one side of the supplying flume, is allowed to attain a height of 
six inches above the center of the orifice. 

The quantity of water that will pass through an orifice of one inch 
square in the side of the box, under a head of six inches, determined by 
multiplying the area of the orifice by the theoretical velocity «J 2gh, and taking 
two-thirds of the product as effective discharge, is .02633 cubic feet per sec- 
ond, 1.578 cubic feet per minute, and 94.68 cubic feet per hour. The mill 
just referred to uses five inches of water. Assuming that its measurement is 
uniformly in accordance with the above conditions, the amount delivered in 
twenty-four hours is 11,361 cubic feet; equal to about 2064 cubic feet per 
ton of rock treated. ‘Taking the operation of this mill as a criterion, one inch 
of water is a supply for five stamps, including the quantity required for amal- 
gamation as well as for crushing. 

The mills of Virginia City and Gold Hill, that have no springs or other 
sources of water of their own, are supplied by the Virginia and Gold Hill 
Water Company. This company obtain water by means of tunnels driven 
ito the hillside for the purpose, and by purchase from mining companies, 
whose works furnish considerable quantities. Under ordinary circumstances 
the supply of water, derived from sources above Virginia City and available 
for use there, is sufficient to meet all demands at that place; in addition to 
which there are more sources below the city, in the mines and lower tunnels. 
In seasons of drought some inconvenience is experienced. 

Pans.—The common features of the grinding and amalgamating pans 
have already been described on a foregoing page. ‘There are, however, 
various kinds of pans which, although resembling each other in general char- 
acter, present some important differences in the details of construction. 
These differences have been gradually developed since the first introduction 
of the common pan, each aiming especially to meet some one or more of the 
various requirements of an efficient machine. 

The main objects sought for by inventors have been to produce grinding 


surfaces of most effective form, securing the greatest uniformity of wear with 
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economy of power; to obtain the most favorable conditions for amalgamation, 
depending mainly on the free circulation of the pulp, the uniform and 
thorough distribution of the quicksilver, and the proper degree of heat; and 
to combine, with these requirements, simplicity and cheapness in construction, 
facility in management and repair, large capacity, and economy of time, labor, 
and materials in the performance of duty. 

The attempts that have been made to obtain these results have met with 
varied success, the different devices of any one pan sometimes obtaining a 
high degree of excellence in certain details at the cost of it in others. 

Among the differences in characteristic features of pans the most notice- 
able is that of the bottom and the grinding surfaces, some being flat, and 
others variously curved; other details, of more or less importance, such as the 
construction of the muller and the method of attaching it to the driver, the 
form of the shoes and dies, the means of fixing them in place, of providing 
for the heating of the pulp and for its circulation during the grmding and 
amalgamating process, vary considerably in the several patterns. 

The opinions of practical mill-men are somewhat divided regarding the 
comparative advantages of the different forms of pan-bottoms. The prevail- 
ing opinion, however, among those with whom the writer has conversed, 
seems to be, all things considered, in favor of the flat bottom. While other 
forms of grinding surfaces may possess superior advantages, theoretically, their 
greater efficiency, in practice, is often lost by the unequal wear of the surface 
of the muller, usually resulting from the difficulty of keeping the other parts 
of the machine, on which the grinding surfaces depend, in perfect. order. 
The various parts of the flat muller are simpler in form, more easily handled, 
and more conveniently replaced when worn out. While the flat-bottomed. 
muller involves the expenditure of more power in carrying its load of thick 
pulp, this disadvantage is counterbalanced, in the opinion of some, by the 
more complete distribution of the quicksilver and the, consequently, more 
perfect amalgamation. 

The flat-bottomed pans of Varney and of Wheeler, and that of Hepburn 
and Peterson with conical bottom, have been widely used during several years 
past. Some improvements have been added to them lately, and they are still 
held in high esteem by mill-men. Within the last year or two, other makers 
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have introduced new pans, the characteristic features of which are great 
capacity and simplicity of construction. Such are the large, flat-bottomed 
pans of McCone, Horn, and Fountain, which, in their mechanical details, seem 
- to combine some of the best results of the experience that has been gained 
since pan amalgamation was introduced, and, by their enlarged dimensions, 
to have the capacity for treating, in the same or nearly the same period of 
time, a charge three or four times as great as that treated by any of the pans 
formerly in use. 

In the following pages a few of the pans that have been used, and are still 
in most fayor, will be described briefly but with sufficient detail to indicate 
their most characteristic differences. 

Plate XXI presents views of three well-known pans. They show the 
three different forms of pan-bottoms, the flat, conical, and conoidal. The 
flat-bottomed pan, Fig. 2, known as Wheeler’s Amalgamator, is, perhaps, in 
more general use than either of the others, although Hepburn and Peterson’s 
pan is in great favor among many mill-men. 

Wuerter’s Pay.—The Wheeler pan of ordinary size is about 4 feet in 
diameter, at the bottom, and 2 feet, or little more, in depth. The general 
arrangement of the several parts of the machine may be readily seen by a 
glance at the drawing. A is the rim of the pan, in the center of which is the 
hollow cone, B, rising from the bottom, with which it is cast Im one piece. 
Through this cone the vertical shaft, C, passes, which, being driven by the 
gearing below the pan, gives motion to the muller, D, by means of the driver, 
E, which is keyed to the shaft, C. ‘The muller is provided, on its under side, 
with shoes, g, that form the upper grinding surface. The form of the shoes 
is shown in Fig. 4, on same Plate. They are attached to the muller by means 
of two lugs or projections, /, f, which are received in corresponding apertures 
in the muller-plate and securely wedged with pieces of wood. ‘The lower 
grinding surface is formed by the dies, 7, which are usually four or eight in 
number, covering the greater portion of the pan-bottom and secured to it ina 
manner similar to that by which the shoes are fixed to the muller. There isa 
radial slot or space between the dies which is commonly filled with hard wood. 
Below the bottom is a steam-chamber for heating the pulp. The vertical 
shaft or spindle, C, rests in a step-box, h, to which oil is conveyed by the pipe, 
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p. A vertical pin passes downward through the center of the step-box, in 
contact with the shaft and resting its lower end on the lever, 7. .This lever 
may be raised or lowered slightly by the hand-wheel, on the rod, k, thus rais- 
ing the muller from the dies, if desired. The shaft, C, is also furnished with 
a screw by means of which the muller may be raised up entirely above the 
rim of the pan for the purpose of cleaning up or of changing the shoes and 
dies. The hoisting apparatus required in the absence of this screw is thus 
avoided. In order to impart an upward current or movement to the pulp 
there are inclined ledges, Z, on the rim of the pan; and smaller ledges, m, on 
the periphery of the muller, but inclined in the opposite direction. The pan 
is also provided with wings, or guide-plates, nm, four in number, which serve 
to direct the moving pulp toward the center. They are fitted into and may 
be removed, at pleasure, from a T-shaped projection on the pan-rim. The 
muller is caused to make, usually, about 60 revolutions per minute. It re- 
quires from two and a half to three horse-power. Its ordinary charge is 800 
to 1,000 pounds. In some mills a still larger charge is worked. The capa- 
city of the pan is sometimes increased by adding a rim of sheet iron so as to 
increase the height of the side. The treatment of the charge usually 
requires four hours. The shoes and dies wear out in from three to six 
weeks, though they are made to last longer in some mills, their duration 
depending greatly upon the order in which the pan and all its principal work- 
ing parts are kept. On this condition the economy in the wear of iron and 
the efficient operation of this and other pans chiefly depend. Neglect in oil- 
ing the working parts of the running gear is apt to cause unequal wear, the 
vertical shaft gets loose and out of line, the grinding surfaces cease to work 
together evenly, and the efficiency of the pan is greatly impaired, while the 
costs of working are very much increased. Mill-men generally prefer a shoe 
and die of moderate rather than excessive hardness. The former wear out 
faster, but are thought to grind more etfciently. Such are usually cast of an 
equal mixture of white and soft iron. 

GreeLry’s Pay.—A pan known as Greeley’s, which is used in some 
mills and which is highly spoken of, possesses the essential features of 
Wheeler’s, but differs from it in minor details and has larger capacity. In 
the Petaluma mill, where ten of these pans are employed, the charge of ore 
consists of 2,200 pounds. 
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The bottom of the pan, like Wheeler’s, is flat and has a steam-chamber. 
The dies are cast in four quadrant-shaped pieces. In the middle of each 
piece, on the upper side, is a radial groove or canal, leading from the center 
to the circumference, which permits the free circulation of the material. 
A similar space is left between the two adjacent edges of the several pieces. 
The dies are secured to the bottom of the pan by a dovetailed or wedge- 
shaped projection, 5 or 6 inches long and from 3 to 4 in width, on the under 
side of each piece, which, fitting into a similar recess in the pan-bottom 
holds, them fast. 

The muller is a circular plate, cast separately from the driver, to which, 
for use in the pan, it is connected by means of four short uprights or legs, 
that are bolted both to the driver and the muller. The shoes are attached to 
the muller-plate in a manner similar to that by which the dies are secured to 
the bottom. On the upper side of each shoe is a projection, wedge-shaped 
in horizontal section, 5 or 6 inches long and from 3 to 4 wide, which fits 
into an aperture of corresponding form in the muller-plate, and so placed that 
the smaller end of the projection follows the larger end in the direction of 
revolution; so that the motion of the muller tends to fix the shoe more and 
more firmly in its place. (See Fig. 4, Plate XXIT.) 

The muller, when in place, is raised and lowered, not by a lever below 
the step-box, as is the case in the Wheeler pan, but by a screw which passes 
through the hub of the driver and rests with its lower end on the top of the 
driving shaft. A hand-wheel at the upper end of the screw serves to turn 
it, raising or lowering the muller, and another hand-wheel, lower down, acts 
as a jam-nut to keep the muller at the desired height. When the muller is 
in motion it may be raised or lowered by arresting the last-named wheel. 
(See Fig. 3, Plate XXII.) 

To clean the pan up the muller-plate is lifted entirely out by means of a 
block and tackle. In some mills this is conveniently supported on a truck, 
which moyes on a railway at a suitable height above the pans. By this 
means the truck can be brought into position above any one of the pans from 
which it is desired to raise the muller, and the hoisting apparatus thus 
applied. 

No guide-plates are used for directing the pulp, the circulation of which, 
without these contrivances, is very active, the pulp passing from the periphery 
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of the pan, at the surface, downward toward the center, producing the sur-. 
face of a hollow cone, through the aperture at the base of the driver and out- 

ward through the channels and between the surfaces of the shoes and dies, 

to the circumference, where it rises to repeat the process. The legs or stand- 

ards of the driver, connecting it with the muller-plate, promote this circula- 

tion by forcing the pulp to the center and downward between the shoes and 

dies. The pan is said to require about four horse-power. 

Varney’s Pay.—This is one of the older flat-bottomed pans, that has 
long been in great favor with many mill-men. The points of difference be- 
tween it and Wheeler’s are not of very great importance. It has about the 
same dimensions and capacity. Jt has no steam-chamber, but a pipe intro- 
duces steam directly into the ore, above the muller. 

The dies, on the pan-bottoms, are arranged nearly like those of the 
Wheeler. In this pan, and sometimes in others, the radial slots in, and the 
spaces between, the dies are filled with pieces of hard wood, of which the 
fiber is fixed vertically. ‘The wooden surface wears slightly in advance of 
the die, affording a passage for the pulp, and, according to some, increasing 
the grinding capacity of the pan. 

The shoes, of which there are twelve, are fastened by bolts to the mul- 
ler. The circular plate of the muller is separate from the hub or driver, on 
which it rests, and which has two projections at the base by which motion is 
imparted to the muller. The hub or driver is keyed to the vertical shaft or 
spindle, by which means it is set in revolution. 

Hepsurn AND Preterson’s Paw.—Fig. 3, on Plate XXI, presents a view . 
of Hepburn and Peterson’s pan. The bottom of this pan has the ferm of an 
inverted cone, inclining toward the center, as may be readily seen in the fig- 
ure. The bottom is covered by four dies of corresponding form, which are 
secured in a manner similar to that employed in the other pans already 
described. There is no steam-chamber in the bottom, steam being intro- 
duced directly. In the center of the pan a hollow pillar rises, through which 
the driving shaft passes. The form of the muller corresponds with that of 
the bottom, and at the center has an upright hollow cone, by means of which 
it is connected with the hub or driver. The under side of the muller is fur- 
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‘nished with shoes, between which, when attached to the muller, there is a 
channel or radial passage left for the circulation of the pulp. The muller also 
contains radial grooves between the shoes, so that, when the latter wear 
down, the channel may still be large enough to permit an easy movement of 
the material. The muller is raised or lowered by means of a screw and 
movable nut at the top of the hub, the screw resting on the top of the driv- 
ing shaft, to which the hub is keyed. The circulation of the pulp in this 
pan is effected without the use of wings or guides, such as are commonly 
employed in other pans for this purpose. When the muller is in motion the 
pulp, passing between the erinding surfaces, from the center to the circum- 
ference of the pan, descends again by its own weight toward the center, on 
the upper side of the muller; a movement promoted by the conical shape of 
the muller-plate. In the use of guide-plates or wings to aid the circulation 
there is sometimes a difficulty experienced in the tendency of coarse sand to 
settle and pack firmly, if the pan is stopped for a little while, and giving 
much trouble in starting again. By thus dispensing with the use of wings 
some inconvenience is avoided. The charge of the pan is about 1,500 
pounds, usually working four hours on a charge. It runs at 60 or 70 revo- 
lutions per minute. 

WHEELER AND Ranpati’s Pan.—F ig. 1, on Plate X XI, presents a view 
of a pan known as the Excelsior, devised’ by Wheeler and Randall. This 
pan differs from those before described chiefly in the form of the bottom, 
which is conoidal. The object of this device is to produce surfaces of such 
form as to insure perfect uniformity of wear and the highest degree of grind- 
ing effect. Its efficiency, in this respect, is attested by the experience of 
practical mill-men. It is not, however, so generally used as the ordinary 
Wheeler or other pans already mentioned. 

The dies, muller, and shoes have, of course, a form corresponding to 
that of the pan-bottom. They are secured in place in much the same way as 
in the Wheeler pan. There are guide-plates to assist in directing the move- 
ment of the pulp, and there are openings in the muller between the shoes for 
its free passage between the grinding surfaces. The gearing of the pan, step- 
box, and driving shaft, and means of raising the muller, do not differ materi- 
ally from the common Wheeler pan. This pan is made of various sizes; the 
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largest is 44 feet in diameter, and treats 3,000 pounds of ore at a single 
charge. It weighs 5,000 pounds. 


Within the past two or three years pans of much larger dimensions, and, 
consequently, of greater capacity than those formerly used, have been intro- 
duced in the Washoe district, and have, generally, found great favor among 
mill-men. Until lately they have been chiefly used in working tailings, to the 
treatment of which, as well as of low-grade ores, they are especially adapted. 
It is claimed in their favor that they treat a charge of ore three or four times 
as large as that of the ordinary pans in the same, or but comparatively little 
more, time, economizing thereby not only time but labor and power. One 
large pan requires much less machinery and fewer auxiliary parts, in its ope- 
ration, than three or four smaller ones, of equal capacity in the aggregate. 
The attention of the workman is more concentrated, and there is a much 
smaller loss, proportionately, by wastage of ore, quicksilver, and other mate- 
rials. While the time allowed for amalgamation is much less in the larger 
charge than in the smaller one, in proportion to the quantity of ore treated, 
the results, so far, seem to be nearly or equally as good. These considera- 
tions are of special importance in the working of low-grade ores, which can 
only be done profitably on a large scale and at small expense per ton, and in 
which the loss of a small percentage of the value is comparatively triflmg in 
amount. 

McCone’s Pay.—The McCone pan, constructed by Mr. McCone, pro- 
prietor of the Nevada foundery, at Silver City, is one of this kind. Some 
of the details of its construction, and the method of setting it up, are shown 
in the drawings’ on Plate XXII. Figs. 1 and 2 show the pan, as it is mounted 
‘on a timber frame-work, and the gearing by which it is set in operation. In 
Fig. 2 a portion of the pan-rim is removed to show the interior. Fig. 3 shows 
a vertical section and Fig. 4, a plan of the pan. In the latter a portion of 
the muller-plate is shown and another portion is removed, exposing the shoes 
and dies below. This pan is 5 feet in diameter and 28 inches deep. It is 


‘From drawings recently made and furnished to the writer by Mr. Tyrrell, of the 
Nevada Foundery. 


Plate XXII. 


20. 


Scale: 


TREATMENT OF THE COMSTOCK ORES. 225 


flat-bottomed and made either with or without a steam-chamber. When the 
latter is desired the false bottom is cast separately, with a rim an inch deep, 

and is then bolted to the main pan-bottom, thus forming the chamber. ‘There 

are no standards or legs for the pan to stand upon, the bottom being a square- 

cornered plate of iron, projecting beyond the pan-rim, and it may be bolted 

directly to the timbers on which it is to rest. The bottom, with its central 

hollow cone, may be cast in one piece with the pan-rim, or, instead of the 

latter, a simple flange may be cast, corresponding in size with the rim, to 

which flange the rim, which may then be either a cast piece or made of sheets 

of iron riveted together, is bolted. 

An improvement has lately been made to save the wear of the rim or 
side of the pan and prolong its usefulness, by placing in the bottom of the 
pan a false rim or circular facing for the pan-side, about nine inches deep. 
This is cast in segments and made to correspond in form to the rim of the 
pan. When fixed in place it saves the pan-rim from wear in that part which 
would otherwise suffer the greatest degree of friction, just as the shoes and 
dies protect the pan-bottom and muller-plate. When worn thin by the 
friction of the pulp the plates may be removed and new ones substituted for 
them. The driving shaft or spindle, c, passes up from below through the 
central hollow cone, b, but its point of support is usually independent of the 
pan, resting, in such case, in a step-box, h, which is fixed on a timber below. 
Some, however, prefer to have hangers bolted to the bottom of the pan 
and furnishing the support for the driving shaft, so that, if the foundations 
of the pan settle, the relative position of the several parts is more readily 
maintained. 

The step-box is cast in one piece, with a bearing for the end of the shaft 
on which the vertical miter-wheel and pulley of the common driving gear are 
fixed. i 

The driver or hub, E, which is secured to the vertical shaft, is in two 
parts, an upper and lower. The upper is fixed to the shaft by two strong 
feathers or sliding keys, The base of the upper driver is cast with lugs, or 
projections, which fit into corresponding recesses in the top of the lower driver, 
by which means the latter is supported and set in motion. Above the upper 

29 
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driver is a cap-piece, 7, carrying the usual screw and nut arrangement for 
raising and lowering the muller, the bottom of the screw resting on the up- 
per end of the vertical shaft. The lower part of the driver has three or four 
stout lugs, or projections, at its base, which fit into carriers on the circular 
part of the muller at d, Fig. 4. These carriers are also made to serve as the 
means of aiding the circulation of the pulp, as they assist in directing the 
current toward the center when the muller is revolving, For this purpose 
they are sometimes cast five or six inches high, presenting a curved surface, 
(not shown in the case illustrated) to the pulp and forcing it toward the cen- 
ter of the pan. By this means the guide-plates or wings, usually fixed to the 
side of the pan, but which, to some extent, obstruct the motion of the pulp, 
are dispensed with. Grooves for attaching guide-plates are, however, cast in 
the pan-rim, so that those who prefer may use them. The dies and shoes 
used in this pan resemble, in many respects, those of other pans. There is 
an inch anda half space between the outer edge of the die and the edge 
of the pan, and a similar space between the adjacent edges of the dies. 
The shoes, between which there are similar spaces, and which also have 
radial channels, or grooves, on their under side, to facilitate circulation, 
have the same radial width as the dies. The radial width of the muller- 
plate is a little less than that of the shoe and die, in order to allow a freer 
inlet and outlet to the pulp. The muller makes from 60 to 80 revolu- 
tions per minute. The pan takes 4,500 pounds of pulp at an ordinary 
charge, and sometimes more. It is set up very simply, being bolted to 
timber supports below; and is put in motion or arrested by the aplication 
or withdrawal of a tightener to the driving-belt, as shown in Fig. 1. 
The price of this pan, with its necessary gearing, pulleys, &c. is about 
$800. 

Fountain’s Pan.—The Fountain pan and the Horn pan, each so called 
from the name of its inventor, have been in use two or three years. They are 
much alike, differing only in minor details, and both, in many respects, resem- _ 
ble that just described. The first-named has been changed somewhat since 
its first introduction. In its present form, the body of the pan is 5 feet in diam- 
eter at the top, and 44 feet at the bottom. The bottom, rim, and central hollow 
pillar, are cast im one piece. A steam-chamber, when desired, is provided by 
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bolting to the bottom of the pan a circular plate that is cast with a rim an 
inch deep. The upper edge of the rim is grooved out and a round piece of 
rubber packing laid in the groove, which, fitting closely against the pan-bot- 
tom makes a steam-tight joint and allows for the unequal expansion and con- 
traction of the metal. ‘The dies are attached to the pan-bottom by means of 
a wedged-shaped projection as in the pan just described. ‘The driver is cast 
in one long piece; its upper part, which is attached to the driving shaft by 
means of a key or feather, is cylindrical, and furnished on the inside with a 
long babbited bearing for the shaft; its lower part consists of three legs or 
standards, each of which has a square lug or projection at the bottom, which, 
fittmg into a raised clutch on the muller-plate, carries and gives motion to 
the latter. The space between the legs or standards being open, affords free 
passage for the circulation of the pulp about the center. In front of each 
lug on the standards of the driver is an iron plate with a flaring or irregularly 
concave surface which, when the driver is in motion, tends to force the pulp 
to the center; while directly in front of this contrivance, that is, in the direc- 
tion of revolution, a large piece is cut out of the muller-plate, thereby afford- 
ing free passage to the pulp downward and between the grinding surfaces of 
the shoes and dies. Wings and guide-plates are thus dispensed with, though 
the pan-rim is cast with the ordinary means of attaching such plates if 
desired. 

As the bottom of the pan is flat, and the muller has the plane-circular 
form, the wearing effect on the grinding surfaces is much greater near the 
circumference than near the center, owing to the difference in radial velocity. 
It frequently results from this that the shoes and dies of ordinary plane- 
circular grinding surfaces wear down much more rapidly at the circumference, 
leaving the metal thicker near the center, and so producing an uneven 
bearing of the muller upon the bottom and, consequently, an irregular 
movement. 

In the Fountain pan the radial spaces between the shoes and between 
the dies are made wider, horizontally, near the center than they are near the 
circumference, so that the area of grinding surface at the circumference may 
be more largely in excess of that at the center than it would be if those 
spaces were of uniform width; thereby obviating, at least in part, the 
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inequality of wear. These spaces in some of the Fountain pans, are filled 
with wood, as already described in pans of other makers. The shoes at their 
circumferential edge are provided with plows to stir up the quicksilver lyimg 
on the pan-bottom. These pans work 38,000 or 4,000 pounds of sand at a 
single charge. Their average duty, in working tailings, is stated at ten tons 
per day. . 

SETTLERS OR SEPARATORS.—The settlers or separators (see Plate XVI) 
in which the quicksilver and amalgam are allowed to settle or separate 
themselves from the pulp, after treatment in the pan, have already been 
generally described on a foregoing page. ‘They do not present so many 
important differences in details of construction as the pans do. They are 
made larger than the pans, usually having a diameter of 7 or 8 feet. They 
are commonly made now with a flat, sometimes concave, circular, cast-iron 
bottom, having a hollow cone or pillar at the center and a flange at the 
circumference, to which the rim, either of wood or sheet-iron, is attached. 
The central shaft, with its driving gear below, the screw and nut arrange- 
ment above, for raising and lowering the stirrers, and the yoke or driver fitted 
to the revolving shaft, are not essentially different from the similar parts of — 
the pans. Hangers are sometimes bolted to the bottom of the settler to 
carry the step-box of the vertical shaft and support the driving gear; or these 
may rest on atimber frame independent of the bottom, as shown in the figure 
on Plate XVII. To the yoke or driver are attached four radial arms reaching 
to the circumference of the vessel. On each arm are two or sometimes three 
legs, terminating in a wooden shoe, variously shaped, which touches the bot- 
tom, ‘These legs are movable radially, so that any one may be fixed at such 
point between the center and circumference as may be desired, and they are 
usually arranged at different distances on the several arms, so that in the course 
of each revolution each part of the surface of the bottom is passed over by - 
one or another of the shoes. 

The discharge of the separator is usually effected through outlet-holes, 
already described, and shown in Fig. 1, on Plate XVII. Sometimes, as in a 
separator constructed by Mr. Fountain, the discharge holes are placed in the 
central cone of the vessel, in order that it may be where there is the least 
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motion, avoiding thereby the loss of fine particles of amalgam or quick- 
silver. 

The method of withdrawing the fluid amalgam or quicksilver from the 
vessel has already been indicated, and an ordinary contrivance for this purpose 
is shown in the figures on Plate XVII. Different makers vary this plan in 
some of the details. In some separators the groove or canal for the collection 
of the quicksilver is circular, concentric with the pan-bottom, and usually 
placed midway between the circumference of the bottom and the base 
of the central cone. The outlet-pipe for the discharge of the quicksilver 
and amalgam is connected with the bottom of this groove, leading out under 
the vessel to a point beyond the circumference, where it may terminate in a bowl 
or may turn upward and be fitted with a vertical pipe in which the outlet may 
be fixed at any desired height and the quicksilver allowed to discharge itself con- 
tinuously as fast as it accumulates in the groove or receptacle in the pan-bot- 
tom. A cock or plug at the lowest point of the discharge-pipe permits the 
whole of the quicksilver to be withdrawn when desired. 

Acirators —The agitators, see Plate XXIII, through which the pulp 
passes after leaving the separators are, in general, wooden tubs, that vary 
in size from 6 to 12 feet in diameter and 2 to 6 feet in depth. The main 
object in letting the stream of pulp pass through them is to retain and 
collect as much as possible of the quicksilver and amalgam and heavy par- 
ticles of undecomposed ore that are carried out with the pulp discharged 
from the separator. A simple stirring apparatus somewhat resembling 
that of the separator keeps the material in a state of gentle agitation, the 
revolving shaft carrying four arms to which a number of staves are attached. 
In some mills there are several agitators, in most cases only one, and by 
some they are not used at all. The stuff that accumulates on the bottom 
is shoveled out from time to time, usually at intervals of three or four days 
and worked over in pans. Beyond these are a number of contrivances for 
concentrating the most valuable portions of the tailings. Among them are 
blanket sluices and other variously devised machines, some of which will 
receive further description in a following section when tailings and sluices 
will be more particularly noticed. 

GENERAL ARRANGEMENT OF Minus.—The general arrangement of the 
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machinery in a mill, working silver ores by the method described in the fore- 
going pages, may be illustrated by a drawing on Plate XXIII, which presents 
a sectional view of the building and the more important machines employed 
in it. 

The batteries of stamps, as many as there may be, are arranged in one 
straight line. Behind them, that is on the feed side, is the breaking floor, 
where the rock is prepared by a stone-breaking machine, or, in its absence, by 
hand. When the slope of the ground permits it, large bins are sometimes 
constructed above and behind the breaker, into which receiver the wagons or 
cars bringing the ore from the mine may discharge their contents. As the 
outlet of the bins is on a higher level than the mouth of the breaker, the rock 
is delivered to that machine without much handling. Such bins, where prac- 
ticable, are of great advantage in providing a reserve of ore for the mill when- 
ever communication with the mine is interrupted for a time. ‘The batteries 
discharge the crushed ore upon an apron, or, as in the case illustrated, into a 
trough, or launder, which conveys it to the settling tanks. These stand di- 
rectly in front of the batteries, though in some mills, for lack of space, they 
extend along the adjacent side of the building. A platform is usually pro- 
vided upon which the pulp may be deposited when shoveled out of the tanks. 
Some mills are so arranged as to use a car, in which the pulp is moved from 
the tanks to the pans. ‘This is especially necessary when the tanks are more 
remote from the pans, or when the latter are arranged in a line at a right an- 
gle to the line of the batteries. 

Generally the pans are arranged in a straight line, parallel to the line of 
batteries, as in the case illustrated. The separators stand in front of the pans, 
arranged in a parallel line, and on a sufficiently lower level to permit the charge 
of the pan to run into them. Below the separators are the agitators or other 
similar contrivances for the purpose of preventing the escape of quicksilver or 
amalgam. ‘The power is usually communicated from the steam-engine or other 
motor, by gearing or belting to a line-shaft which is placed in front of, and par- 
allel with, the line of batteries. On this shaft are pulleys, opposite to those of 
the several cam-shafts, to which they transmit, by belting, the power necessary 
for the stamps. The same shaft imparts motion, by means of countershafting 
and belting, to the rock-breaker and to the pans. Forthe latter a line of 
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shafting is usually arranged under the row of pans, from which shaft each pan, 
separator, agitator, or other similar machine may be driven by a separate pul- 
ley. The power required for each stamp of ordinary or average weight, with 
due allowance for friction, is about one and a-half horse-power per stamp. 
The power demanded by the pans is from three to six horse-power, accord- 
ing to their size and capacity. The expenditure of power per ton of ore 
crushed, ground, and amalgamated, judging by the relation existing between 
the power of the engines provided and the work performed by the mills, is 
between one and a-half and three-horse power, averaging probably about two, 
but varying according to the capacity of the mill and the economy with which 


the power is applied. 


232 MINING INDUSTRY. 


SECTION IIIf. 
COSTS AND RESULTS OF MILLING OPERATIONS. 


Cost or Lasor anp Marerrats.—The number of men employed in a 
well-managed mill of twenty-four stamps and ten Greeley or large Wheeler 
pans, having a total capacity for treatment of about 50 or 55 tons of ore per 
day of twenty-four hours, is as follows: Two, breaking rock and supplying 
the feeders, both by day; two feeders supplying the stamps, one by day and 
one by night; three tankmen discharging the tanks and supplying the pans, 
each working eight hours; two amalgamators; two helpers; two engineers, 
one each by day, and one each by night; one foreman and one mechanic—in 
all fifteen men. 

The price of labor varies from $3 50 to $6 per day, averaging, perhaps 
$4 50 per day for the several classes employed in the mill. The cost of labor 
per ton of rock treated, would, however, reach a somewhat higher figure in 
the course of a year than is indicated by the foregoing list of employés, 
owing to unavoidable loss of time for repairs or other hinderances, which 
diminish the actual capacity of the mill. The average cost of labor, per ton of 
ore, is from $2 to $3. The other chief elements of cost in the operation of a 
mill are iron, consumed in wear of castings for stamps and pans, averaging about 
$1 per ton; quicksilver, consumed or lost in the amalgamating process, of which 
the amount is rarely less than one pound and frequently one pound and a-half 
per ton, costing about $1; fuel, the cost of which varies from $6 to $16 or 
$18 per cord, according to the distance of the mill from the source of supply, 
and varying therefore from $1 to $3 per ton; water, when purchased from the 
Virginia and Gold Hill Water-Company, at about $100 per inch, costing from 
30 to 40 cents per ton of rock,’ in mills of fair average duty; other materials 
and incidental expenses making in the aggregate an important item; and 
finally, transportation of the ore from the mine to the mill, varying from $1 to 
$4 per ton, which, if not properly an item of milling expense, enters into the 
account as an offset to cheap fuel or water-power, which can only be had at a 
considerable distance from the mines. 


‘The Petaluma mill uses five inches of water, for which it pays $500 per month, - 
treating 1,650 tons of ore; equal to a cost of thirty cents per ton of ore for water. 
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The foregoing may be illustrated by some of the statements that follow, 
showing the details of cost in two mills. The first statement concerns one of 
the best mills in the district, situated between one and two miles from the 
mine supplying the ore. ‘The transportation of the ore in this instance aver- 
ages about $1 50 per ton. The mill is driven by steam, and pays $12 per 
cord for wood. There are twenty stamps and twelve Wheeler pans. The 
capacity of these is between 35 and 40 tons per day, for days actually worked. 
During the six months to which the figures apply, 6,019 tons were treated in 
1684 days’ work, an average of nearly 353 tons per day; the remaining 154 
of the 184 days the mill was idle. 


The costs were as follows: 
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During the six months next ensuing, the cost, per ton, for treating 6,539 
tons, was $8 33. 

The statements just given are drawn from accounts made in the year 
1867; but for the mills of the neighborhood referred to the costs of perform- 
ing the same kind of work have not been much, if at all, diminished since 
that date. 

The following statement presents carefully analyzed accounts of milling 
costs in the Savage mill, one of the two belonging to the Savage Mining 
Company, and employed in treating ores from the Savage mine. This mill 
is situated in Washoe Valley, fourteen miles from the mine. Unlike the case 
_ previously referred to, this mill has the benefit of cheap wood, costing $6 
per cord, and a partially sufficient water-power; advantages obtained at the 
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cost of long transportation of the ore, involving an expense for that item 
of not less than $4 per ton, and sometimes more. An additional disadvantage 
is the liability to long-continued interruption in the work, owing to the im- 
passable condition of the roads during bad weather, stopping the supply of 
ore, and diminishing the earnings of the mill, while some of the expenses 
must of necessity continue. Thus, during the months of January, February, 
and March, 1868, no ore was received from the mine or crushed; and the 
total loss of time by the stamps or crushing machinery, owing to this and 
other causes, was 150 days during the whole year. The pans lost during the 
same year 118 days. 

In the following year, the stamps lost 195 days, while the pans lost 180 
days. 

The power is supplied by a 28-foot water-wheel, and an engine of 16- 
inch cylinder. The capacity of the stream is unknown to the writer, and the 
proportion of power furnished by the wheel is uncertain; but as about five 
cords of wood per day were consumed, on the days of actual running, the 
engine must act an important and indispensable part in the operation of the 
mill. : 

The mill has sixteen stamps weighing each about 700 pounds, and twelve 
Wheeler pans. The method of operation corresponds in its essential features 


with the general description already ‘given. 
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SAVAGE MINE. 


Detailed statement of Milling Cost for the years ending Fine 30, 1868 and 1869. 
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Sulphate of copper - - 
Ouicksil ven ene 


Repairs: 
Tha bore MS es) eats te 
Sundries Sy io paseo rn 


Incidental) S702) =" 2)": 
Total cost forlabor - 
Total cost for material 
Total cost for incidental 


Hiaulinssore ss) -) = 


Total for hauling and milling 


Received from tailings .~ 


Neétieostai st syu <8 


It appears, from the 
referred to were $6 per ton in 1869, and $6 97 in the year 1868, not includ- 
- ing anything for hauling of the ore. 


1868. 1869. 
Abs, ieee 7;749 6,440 
Per ton. Per ton. Per ton. Per ton. 


ee eo; ee $o 60.7 Haat ae $o 52 - 
eee a eR $o 65.8 
Coie yO he Gk 93.4 
rn Sn ee tie 09.3 

I 55.2 I 68.5 
Ay ES oe 22.4 Fay iat 25 
= eae es 23 
pea ieee ve te 21 
Spee WAC ee, & 04 H 

44.5 48 

BD eg fo bi 67.7 
Pe ee 61.3 
So) ey Red pen Oe 13 
SC Ae a 78 

2 62.3. }——————_ 2 20 
Pte lh nT 26.1 
egw ees Ona oe I2 

ie BEg}a(6) 38.1 
= Vee = Ps 38.9 Sten AC 49 
ayyeereeyl Gate's 59.6 
Sap r= ata? 2 92 
JS =  cs 49 

6 97.6 6 00.6 6 00.6 
EN eae 2d 4, 28.4 5S Ses 4 06 
HIPS SOR oe Ir 26 Seen a Io 06.6 
Pie cy PS tes a 3 63 st Fe I 67.6 


foregoing, that the actual costs of milling in the mill 


The writer is not in possession of similarly detailed accounts of the costs 
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of such work in mills where water-power only is employed, but it is said by man- 
agers of such mills to be between $5 and $5 50 per ton, not including hauling. 

The hope for the future is to reduce these costs to a still lower figure ; 
and it is not improbable that by increasing the capacity of the mills, and 
using large pans, that low-grade ores, demanding less nicety in treatment than: 
is necessary for those of better quality, may be milled for $4 per ton. Indeed, 
it is the expressed opinion of some of the most experienced mill-men in the 
district, that such ores may be treated in steam-mills at the last-named figure, 
by the aid of the advantages conferred by the new railroad, cheapening trans- 
portation of both ore and fuel; with the further benefit to be derived from 
a reasonable reduction in costs of labor. 

In the account just given of the cost of operations for two years of the 
Savage mill, it will be observed that the bullion produced from the tailings is 
subtracted from the total cost of milling, apparently reducing the expense of 
working by $3 63 per ton in 1868, and $1 67 per ton in 1869. This is, in 
fact, no reduction of the costs; it is simply an addition to the product that 
had already been derived from the first treatment of the ore by the regular 
process. In the case of a custom mill, receiving a fixed price for working 
ore and returning to the customer a certain percentage of its assay value, pre- 
viously agreed upon, the tailings become the property of the mill; and what- 
ever may subsequently be extracted from them, accruing to the mill owner, 
actually diminishes, by the amount of such product, the expenses of his 
business, and, so far, the costs of milling per ton. In the present. case, while | 
the product of the tailings does not reduce the working costs actually, it does 
so relatively ; that is, the cost, to the mining company, of working ore in its 
own mill, as compared with the cost of having it worked in custom mills, is 
not only lessened by the difference that exists between actual costs and the 
miller’s price, but still further diminished by whatever value may be obtained 
from the treatment of the tailings, amounting, in the present instance, as we 
have just seen, to $3 63 per ton in 1868, and $1 67 per ton in 1869, for 
every ton of ore worked. 'This will, perhaps, be more clearly understood 
when the location of the mills, their relation to the mines, the methods of 
sampling and determining the assay value of the ores, and the relation of 
that value to the yield obtained by milling, have been more fully set forth. 
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Retation or Mines to Mitus—The mills working on the Comstock 
ores are located at various distances from the mines, some being in the 
immediate vicinity, while the most remote are from thirteen to fourteen 
miles away. The several cafions or ravines of the Washoe hills, leading 
down from the croppings of the vein, where the hoisting works of the 
mines are situated, to the valley, 1,500 or 1,800 feet below, are all occu- 
pied by mills, thirty-five or forty in number, that are within a radius of 
three miles, or at an average distance of one and a half miles from the 
supply of ore. ‘These are all driven by steam-power. More remote from 
the mines, but nearer to the sources of fuel, are other mills, some driven 
by steam, some by water, and some by steam and water combined. On the 
Carson River, distant from seven to ten miles from Virginia City, are a dozen 
or more mills, whose position gives them the advantage not only of cheap 
fuel but also of water-power, either partly or wholly sufficient for their demands. 
In Washoe Valley, lying west of the Washoe hills, and separating them from 
the Sierras, are eight or nine mills, some of them likewise enjoying the ad- 
vantages of a partly sufficient water-power and cheap fuel, but situated at a 
distance of fourteen miles from the mines, and incurring consequently a great 
expense in the transportation of the ore. 

The comparative advantages of these different locations so nearly coun- 
terbalance each other in a long-continued period of operations that it is per- 
haps difficult to pronounce decidedly in favor of either, at least under condi- 
tions existing previous to the completion of the railroad. The first-mentioned 
class of mills, while paying dearly for their motive power and supply of water 
for milling purposes, have, on the other hand, the advantage not only of cheaper 
hauling, but, owing to their proximity to the mines, a steadier supply of ore. 
Some of the distant mills, especially those that have water sufficient to enable 
them to dispense with steam altogether for purposes of power, may diminish 
the actual cost of reduction of the ore sufficiently to more than counterbalance 
the additional cost of hauling, but they are sometimes liable to loss of time on — 
account of impassable roads or other obstacles that imterrupt the constant sup- 
ply of ore, and a few days of idleness will more than absorb the profits of a 
month’s work. 


99 


Nearly all the mills of the district are “custom mills;’ and the greater 
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part of the ore produced from the various mines is worked in such. “Cus- 
tom mills” are those that receive the ore from the producer, work it at a fixed 
price per ton for treatment, and return to the customer a certain percentage of 
the value of the ore, the latter having been previously determined by assays. 
This price for working ores during two or three years past has varied between 
$13 and $15 per ton, including the cost of hauling the ore from the mine to the 
mill. Quite lately it has been reduced somewhat, though during 1869 the 
average was but little, if at all, below $13. Since the beginning of the pres- 
ent year, according to late advices from Virginia City, some of the mills of the 
district have reduced the price to $9 per ton. Some of the large producing 
mines also own mills, but seldom of capacity sufficient to meet all their 
demands. Thus the Savage mine in the year ending July 1, 1868, treated 
16,810 tons of ore in its own mills and 67,815 tons in custom mills. The 
ores are carefully sampled, both before delivery to the mill and after 
crushing at the mill, as will be explained in more detail below, and 
a return of sixty-five per cent. of the assay value is required of the 
mill owner. Falling short of this in bullion, the mill is bound to make 
good the deficiency, while any excess obtained by so much of the process 
of treatment as has been already described in this chapter belongs also to 
the mine or customer. Some mills, as may be seen by the tabular statement 
further on, make returns as high as seventy per cent. or even more, but, as 
might naturally be expected, the average return of the mill to the mine does 
not much exceed the requirement. The residue, or “tailings,” of the ore, after 
it has passed through the separators, belongs to the mill, and this is in many 
cases made to yield a good result on reworking. It is, therefore, the interest of 
the mill owner, when working at a fixed price per ton, to treat as many tons 
as possible and to return no more bullion in excess of the required standard 
than may be necessary in order to maintain a good reputation among com- 
peting mills. Sixty-five per cent., therefore, does not fairly indicate the per- 
centage of value actually extracted from the ore, and is not a fair criterion by 
which the efficiency of the process may be judged. 

SAMPLING THE Ores.—As the mill is required to return to the mine a 
certain percentage of the value contained, it is necessary to have the ore 
carefully sampled and assayed beforehand in order to get at a basis of set- 
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tlement. This cannot be accomplished without some trouble and expense, a 
large number of assays being necessary in order to obtain a reliable average 
result. For this purpose the Savage Mining Company follow a very careful 
system, and have assays made of a double set of samples of every lot of ore. 
One set of these samples is taken from the wagon, taking the ore from the mine 
to the mill, the other is taken from the mill after the ore has been crushed. 

The wagon sample is obtained by drawing from every wagon load of ore 
dispatched to any mill a sample of the rock, keeping distinctly separated from 
each other the samples of the ore sent to different mills. Each of these sam- 
ples is assayed, or, sometimes, a number of samples of loads that were all 
sent to the same mill during one day are mixed together and the assay taken 
from the mixture. The millis then charged daily with the weight of ore and 
the amount of gold and silver represented by the assay. 

The mill sample, which is to serve as a check on the wagon sample, is 
usually taken by allowing the crushed ore as it comes from the battery to run 
into a pail or other suitable vessel, which is held or placed at the end of the trough 
or apron leading from the batteries to the tanks. A sample is taken in most 
mills every hour, in some more frequently, and the accumulated samples taken 
during a single day are well mixed together and dried. From this mixture a 
sufficient quantity is drawn for assay... Where there are several batteries 
they may be selected alternately for sampling, or samples may be taken from 


each battery separately. 


1The Savage Mining Company have an assay department for the purpose of 

assaying ores and bullion. The following statements, taken from this company’s last 

annual report, furnish an interesting exhibit of the extent of this business, the kind 
and quantity of materials consumed, and the average cost of assays: 
Assay department, for Ore, from October 5, 1868, to July 1, 1869. 


Materials consumed. EXPENSE. Cost value. 
GRCHAGS BEE Lo ncshos astesdoscssoauenes seeses negeds sa SSc 00S 5250 US EuEncEcoqeEeeHeSs ease $98 43 
Chines coms, GAN) Soe concn esesss bodene asun Bon obacee S60 Sao bee 58d Soo Gee Sea Reese 87 50 
WIGS, Bo. sscecgcene caso] sossce Soodes ssossy esse eSSsag 009505 Sesonn one ore Soa ss0ossesso ood 3 00 
Wharcoal its 64s Dushels ge mee see ee tteel meceeine alone mene (eine ie = ane fa aia nas ome(as sioner eee ee ae 544 16 
AOC TMG, SE SIOUIG Ks cea cons cecoss pe nees coos coos Soed anand baSscu seen essode Gooces Gas5 55n5 31 38 
iB-carbonabe.On Sadan slo spOUNOS ease oal meas se ania asa iain anime eels ona See 35 31 
Toe wise, IBIS OWNS: < sssoce ores csesco ase soasere sess ossoo0 coco coeeeo cece cede Bocas cesooos- 36 70 
iLfieemee, Sa) (POMAGUS, - conc sects sacs sasace sesso seseos secsoS osemos pesese seaees ceosee ssosoe 53 00 
Swill, AUD TOWNE Siac soos coc cas somobs nosso peecne soseos obes seoce SesnoSdseeES Csosceos sodoceus 21 75 
Granulated lead, 4 pounds) 2.-..-- 2-- <=. -- 2-2 === =< Smee e Sos CS ee ep as eeeesied Poem 150 
WOH OSE Oe geen oo ebotece enous ores Kestasiecue RoSH BOSbES SOB ACO BROOE Are DBCEoBE prs SeaCmeeees 1 50 
Glavameltina:fimace, ll veme. eta sen ea en esata ee ere oer ee eet s Suomen des eS Soe oe 25 00 
(Capel AGS, Me cence rassaossstseesses Seseco seacos cooees ondeos coes soeese esses codees Sonn eos 5 00 


LGW, [PODER WY. scesos cose psdsus esc Nedemn cone ces SooS Seogso conSod cusH Adooce cesdss name code 6 00 
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The wagon samples and mill samples always differ somewhat in yield, 
and the former is usually the higher in value. It is reasonable to believe that 
the finely-crushed material being intimately mixed by the process, should 
furnish a fairer average; nevertheless the value of the mill sample depends 
very much on the manner in which it is taken. Not only may it chance that 
the sample is caught just after an unusually rich or poor shovelful of ore has 
been supplied to the battery, but accident or neglect of proper precaution may 
affect the value of the assay. The dish or vessel placed to catch the crushed 


TowOyn, TNO MNANES, Ba osooeodsesas oasecd peoscoasess cosa seen soos sons cose Does SseDSS OsaeEs cess OEDS $20 00 
SONGS, (D cosccsesesse sotcseonssascecese (peste e sees cece ee eee ee eee eee eee notes cece cee ee 88 
Opell, i 
Labor and: materials in repaits ao j.ns=<1 seen ee Geese ee eee eee nee eae $115 70 
Terao iar Chale! (SUANMOMEN eo soc asc oco cosoSS secon ssee ss adaSse soda eso soSSHe sess aoeE 41 33 
GSuMALTIES «oo ce niece wee Stlsre eee ye cess eens ae ene nto eee eee Ce tir cece 35 50 7 
—— 192 53 
SRIbIAy OF ASSEN c0c0 co noss coon os 50E0 soaESs Gost ONDSS ToDSogEsos ono SagSed DoNSNe seen soneSc 1,400 00 
2,563 64 
Deduct cash received for assaying ore for outside parties.......--.---..--.-----.------------ 242 25 
AN PILE OYOGNG) coscos hess snnescososn seSsco cons Gacsen Soames dobHSo noon coDS Soon Sess 2, 321 39 


Number of assays made, 4,020. Cost of assaying, 572 cents for each assay. 
Assay department, for Bullion, from July 1, 1868, to July 1, 1869, (12 months.) 


Materials consumed. EXPENSE. - Cost value. 
Crucibles, 52. :c.2c Se seothe ete om aeeise emis Oca cepemicimabie Seeicse sie aise aielceceie stores sie sisters $247 63 
Crucible covers)ieeeee settee eer eee e Sete ee ne ee ee ae ee er eae eee eee 15 29 
Mufiles, 4.2 .lai=tede seme eee retin ober sbtee cane ocemmetne ebee sche Cer ee eee ere e oaemerrse 6 72 
Annealing cups, 502. sceeeee eee ason see eee see em as serie ese eeee er ace eee see eae eee 8 50 
Charcoall)3;s09) bushel sseseenee eee eee eeeee {i Bieis Soe elas Riste icte(als etek crmteie/ Nae avec et eistake epets ater 1,328 15 
Borax; 1,302 pounds, son 22s ck tekecocise vee ce seiema ce se lelgaee eee eae eee ee see eee ae ea eee 300 42 
Resin, 255 Pounds... s.seccencsccses cece eeeweecrees ce ese sees settee eee eee ee eee ee 16 32 
Bone-ash; 73. pounds. -22---.-camec cae aisecen eee wale oe eee eles cise ieee etl ee re eee eer eee 14 60 
Lead, 25 pounds: se: 552 ase Seco Sees cle sete we Bes eee eine oe Seen eee See See eet 5 00 
Acid, nitric, 217 poundsevca iis co Sassoon eeiere ce cee eon eee eee ee ore tee EEE Eanes 119 98 
Acid, sulphuric, 18 pounds: 22222 )oos.s 4s edee cancels see lease eee eee eet Eee Eee Eee Eee 10 94 
Acid, muriatic, 7 pounds cos. saceeeoe -ho seme ee seen eee eee eee eee eee eee 4 55 
Kerosene, 5 gallon: set: sosnae esas Sees Se deen ee eae me eee eee cee eat e ee Cee meee 3 00 
Buck. gloves, 24 pairs. .ccsmeniscecnceawsaeeetcetetiascciecics serse eee eee ee eee eee me eee 37 00 

2,173 10 
Labor ‘and materials in) repairsssenee eae eee cee eee ee eee eee $194 71 


United States license for assaying one year, ($500 currency).--------------------- 364 61 
Sundries 


= ebsites itd wee eR Boe Seine Dee ee ee ee 38 00 
597 32 
Salaries of assayers: and ‘melters-2.. oe ccisacss ce cee eee eee ee ee ee ere 6,007 15 
8,777 57 
Deduct cash received for assaying bullion for outside parties..-.-..--...----e-e2-. eeeeee ene 36 75 
Total net expenses; 2.- s.m.gseeetts oc Sone ae eee 8,740 82 


Bullion assayed, 1,099 bars—Nos. 831 to 1,929, inclusive. 
Value, $1,949,925 17, 


Cost of assaying, ;4%) of one per cent. of the value of bullion assayed. 
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ore should not be allowed to become more than half full, and no water should 
be permitted to run over, as a sort of concentration would take place imme- 
diately. It may happen that the trough or launder is placed unevenly, so that 
more water runs off at one side of the discharge than at the other, and unless 
the sample represents the whole stream its value is likely to be greater or less 
according to the point where_it was taken. In some mills the samples are 
taken from the ore-tanks after the sand has deposited itself in them, either col- 
lected on the surface or drawn out from a considerable depth by means of a 
_tryer or tube. Not only may accident determine the value of such a sample, 
but in the sand of the tanks the value of the slimes that have passed on with- 
out depositing themselves, and which are often quite rich, is not represented. 

- While making two sets of samples, the mine reserves the right to settle 
according to the wagon sample, but in practice both assays are duly consid- 
ered and an equitable adjustment arrived at. Reclamations are not often 
necessary. 

Miutiine Resutts—The following tabular statements, taken from the 
annual reports of the Savage Mining Company for years ending July 1, 1688, 
and July 1, 1869, exhibit some of the results of milling operations. The 
tables show the assay value of the ore, both by the wagon samples and mill - 
samples, the yield of the ore and the relation of yield to assay value, the pro- 
portion of gold and silver, both in the ore and in the bullion, and, finally, the 
total product in bullion of the quantity treated. The operations of each 
month are shown in the statements, but the figures of the tables for any 
single month represent the average result obtained during that month, not 
from one but from ad/ mills employed by the company in the reduction of 
its third-class ore. The second-class ore treated in the last half of 1867, of 
which the results are also given, was all worked in one mill. It should be 
observed, concerning the comparatively lower percentage of value obtained 
from the second-class ore, as shown in the table, that, being richer, it 
resembles more in character the first-class ore, referred to in the commence- 
ment of this chapter, in which the precious metals are combined with zinc, 
lead, copper, antimony, &c., rendering the extraction of the gold and silver 
more difficult, and unfitting it for profitable treatment by the pan process. 
In the last year of the two referred to, no second-class ore was distinguished. 
3l 
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Renation or Yrr~p to Assay Vatun.—A glance at the columns of 
the foregoing tables, stating the percentage of the assay value obtained by 
milling, will show that the yield frequently exceeds sixty-five per cent. of 
the contained value. This is indeed more notable in the first of the two 
years referred to, because in the last year the ore of this mine has not only 
been of lower grade but has carried with it more base mineral, rendering 
the extraction of the precious metals more difficult, and consequently dimin- 
ishing the yield obtained. | 


The impression generally existing that only sixty-five per cent. of the 
value is obtained by pan process and that thirty-five per cent. is lost is erron- 
eous; for the return of sixty-five per cent. is based on the result of treating 
the ore in the pan and collecting the amalgam in the settler; in some mills 
the additional product of the agitator is returned with that of the pan and 
settler, while in other mills this is not done, especially if the required stand- 
ard of sixty-five per cent. has been already reached by pan and settler with- 
out further addition. Moreover, the return of sixty-five per cent. includes 
nothing of what is, or may be, obtained from the subsequent treatment of 
slimes and tailings; and, furthermore, it is to be considered that the ore, as 
charged to the account of the mill, contains an average of six or seven per 
cent. of moisture, for which, in the return, no allowance is made; the sample 
for assay, by which the return is made, being previously dried, sixty-five per 
cent. of the dry sample is really equivalent to sixty-nine or seventy per cent. 
of the wet rock. 

This may be illustrated by the following data, concerning the operations 
of the Savage mill, during six months ending December 31, 1867. 

During that time 5,830 tons were worked. The assay value of this ore 
was $318,639 80 per mill samples, and $324,206 72 per wagon samples; or 
$54 65 per ton, by mill samples, and $55 61 per ton, by wagon samples. 
The total yield obtained was $220,785 17; equal to 692, per cent., by mill 
samples, and 6875 per cent. by wagon samples. This yield was obtained by 
the ordinary operation of crushing, amalgamating in the pan, and collecting 
the amalgam in the settler; this much constituting the process to which all 
ore is submitted in all mills. It will be observed that the required standard 
of sixty-five per cent. was already exceeded by this alone, without including 
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the product of the tailings or allowing anything for moisture. During the 
six months to which these figures relate, the product in bullion from the tail- 
ings was $12,730 71; and if this be added to the yield of the ore originally 
obtained by the first operation, we have a total product of $233,015 88, 
equal to 71.87 per cent. instead of 68.1 per cent. by wagon samples ; 
or 73.12 per cent. instead of 69.2 per cent. by mill samples. If, im addi- 
tion to this, we now allow for seven per cent. of moisture on the ore, not 
taken into account in the assay sample to which the foregoing percentages 
are referred, we have an actual return of 77.27 per cent. by wagon .samples, 
and 78.62 per cent. by mill samples. 

Finally it is to be observed that the product from the tailings above given 
is not all that is obtained from that source. The amount here stated comes 
chiefly from the agitator. 'The stream of tailings passing from the settler, 
in which the bulk of amalgam is collected, enters the agitator, where much 
of the amalgam and quicksilver that has escaped the settler has further op- 
portunity to deposit itself. At imtervals of four or five days this vessel is 
emptied and the accumulations are reworked in an ordinary pan, yielding 
$18 or $20 per ton. The yield thus obtained is nearly $2,000 per month, 
and forms nearly, if not quite, all the product represented in the foregoing 
statement. After leaving the agitator the stream passes on, the tailings still 
carrying enough value to make them worth further treatment; for which 
purpose they are, in fact, sold by the mill to second parties, who do a 
profitable business in working them again; but this last product is not in- 
cluded in the figures already given. The yield obtained by this final work- 
ing of tailings is not definitely known to the writer but is generally stated at 
about $5 50 per ton, which would add about ten per cent. more to the results 
of the process in the mill, as already shown. 


Some mills claim to have obtained more than eighty per cent., and even 
eighty-eight per cent., of the assay value of the ore, by the ordinary methods, 
without including the product of the tailings or allowing anything for moist- 
ure. ‘This, if true, is exceptional; but it is not impossible that a certain lot 
of ore may have contained an unusual proportion of free gold, which, while 
easily escaping due representation in the assay, would add greatly to the 
value of the bullion obtained. _. 
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The following table shows some of the comparative results of a number 
of different mills, all working on Savage ore at sundry times, between July 
1, 1867, and March 1, 1868. The statement is furnished from the records 
in the office of the Savage Mining Company. The careful manner in which 
Mr. Bonner, the superimtendent of this company, and his assistant officials 
haye collected and preserved in comprehensive form the various results of 
milling and mining experience is worthy of high praise and extended imita- 
tion among others similarly engaged. 'The following table is but one exam- 
ple among many which their records afford of valuable contributions to 
useful or interesting statistical knowledge. 

The percentage of assay value obtained stated in the table, is based only 
upon the amount taken from the customary process of treatment in pan and 
separator, without taking into account anything subsequently produced from 
the agitator or working of tailings, except where the contrary is specially 


mentioned in the appended notes. 
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Comparative statement of Operations of twenty-one different mills treating ore from Savage Mine between Fuly 
I, 1867, and February 1, 1868. 


2 Assay value of | Relative proportions of Yield per Percentage of gold and 
a ore per ton gold and silver in the cent. aS | Relative silver obtained as 
8 erworerate OF as per— ore as per— per— proportion per— 
iS ore in— in the bul- 
aes é Mill Wagon F lion of— Mill Wagon 
3 | A z, sample. sample. r= sh sample. sample. 
3 & I £ g | g 
i rap Ae pe | S| & | & 
2 2 is | og 8 ui Sel eye lee 4 H é 
g ae aco e | sie eyes Pais tere 
5 8 5 = ) nes 3 ples ey im fo) ei fo) = 3 = 
A See | os CMON |e SMS se alee |Get Gh a 
No. x] 5,830} - - | $54 65 | $55 6 | 29.5 | 70.5 | 28.5 | 71-5 | $37 86 | 69.2 | 68.0 | 36.3 | 63.7 | 85.3 | 62.5 | 86.5 | 60.7 
2) (65720 | =) 55 66] 53 35 | 29-7 | 70.3 | 28.0 | 72.0] 38 67 | 69.4 | 72.4 | 36.0 | 64.0 | 84.0 | 63.3 | 93.2 | 64.4 
3] 5,z09 | 1,080 | 124 25 | 142 8 | 22.3 | 77.7 | 25.9 | 74.1 | 78 16 | 62.9 | 54.7 | 36.6 | 63.4 103.0 | 51.3 | 77.1 | 46.8 
4| 3,090 | 1,380] 50 22 | 50 12] 29.7 | 70.3 | 29.2 | 70.8 | 32 47 | 64.6 | 64.7 | 37-5 | 62.5 | 8r.6 | 57.4 | 83.2 | 57.2 
5] 75334 |0,500] 48 34 | 50 94 | 27.2 | 72.8 | 28.3 | 71.7 | 32 95 | 68.x | 64.6 | 36.3 | 63.7 | 91-0 | 59.6 | 82.8 | 57.5 
6| 7,87z | 1,060] 49 24 | 48 68 | 31.5 | 68.5 | 28.4 | 71.6 | 33 98 | 69.0 | 69.8 | 34.3 | 65.7 | 75. | 66.1 | 84.2 64.0 
7| 4713 | 2,140] 47 86] 50 27 | 28.0] 72.0 | 27.4 | 72.6 | 34 97 | 73.0 | 68.7 | 32.8 | 67.2 | 85.5 | 68.2 | 82.8 | 63.4 
8 507 | 3,170] 49 79 | 55 24 | 30.8 | 69.2 | 27.3 | 72.7] 28 70 | 57.6 | 51-9 | 40-4 | 59.6 | 74.3 | 49.6 | 76.8 | 42.5 
g| 1,82r | 1,670] 48 98] 509 74 | 34.4 | 65.6 | 29.4 | 70.6} 36 29 | 74.0 | 60.7 | 38.7 | 61.3 | 83.2 | 69.2 | 79.6 | 50.2 
Be) 825 |0,490] 49 69 | 52 70 | 32.0 | 68.0 | 28.3 | 71.7 | 30 43 | 6r.2 | 58.8 | 38.3 | 61.7 | 73.r | 55-6 | 79.4 | 50.7 
Iz SCO 47 58 | 54 44 | 29.2 | 70.8 | 28.4 | 71.6 |] 32 24 | 67.7 | 59.2 | 35-1 | 64.9 | 8.4 | 62.1 | 72.9 | 53.7 
z2| 2,744 |1,810| 47 27} 53 96 | 27.0 | 73.0 | 28.6 | 71.4] 33 34 | 70.3 | 62.8 | 37.9 | 62.1 | 98.7 | 60.0 | 81.7 | 53.8 
13| 3,618 | 1,180] 43 04] 47 67 | 27.4 | 72.6 | 28.2 | 71.8 | 29 37 | 68.2 | 61.6 | 35-7 | 64.3 | 89.0 | 60.4 | 78.0 | 55.1 
14] 1,544 | 0,150] 54 37] 46 43 | 30.5 | 69.5 | 28.8 | 71.2 | 32 94 | 60.5 | 70.9 | 36.5 | 63-5 | 72.5 | 55-3 | 90.0 | 63.1 
15] 1,500 |0,900] 44 37] 52 14 | 21.1 | 78.9 | 29.9 | 70.2 | 34 47 | 77.6 | 67.4 | 41.2 | 58.8 |15r.3 | 57-9 | 92.6 | 56.6 
16 368 |0,310] 48 45 | 52 56 | 29.3] 70.7 | 28.0] 72.0] 35 96 | 74.2 | 68.4 | 34.1 | 65.9 | 86.3 | 69.2 | 83.0 | 62.7 
17 298 | 1,510] 4625] 52 42 | 28.8 | 71.2 | 31.3 | 68.7 | 32 07 | 67.4 | 52.2 | 40.5 | 59.5 | 94.2 | 56.2 | 76.5 | 51.4 
18| 1,216 |0,700] 48 37 | 52 60 | 28.7 | 7x.3 | 28.1 | 71.9 | 27 94 | 57-7 | 53-1 | 37-8 | 62.2 | 76.0 | 50.4 | 72.5 | 45.9 
19 250 | 1,920} 4493 | 48 63 | 24.3 | 75-7 | 27-3 | 72-7 | 32 30 | 7z-9 | 66.4 | 33.0 | 67.0 | 97-3 | 63.7 | 80.0 | 61.3 
20 250 |0,670] 46 24 | 58 x15 | 30.6 | 69.4 | 29.0 | 71.0 | 3 40 | 67.9 | 54-0 | 42.5 | 57-5 | 94-2 | 56.3 | 80.8 | 43.3 
21 340} - - | 5650] 53 68] 28.6} 71.4 | 28.4 | 71.6 | 36 00 | 63.7 | 65.4 | 36.0 | 63.8 | 80.4 | 57.0 | 82.0 | 58.4 
56,656 | 1,640] 56 62 | 59 77 | 27.8] 72.2 | 27.8] 72.28| 38 27 | 67.5 | 63.8 | 36.2 | 63.8 | 87.9 | 59.7 | 82.8 | 56.5 


Total assay value, as per millsamples, gold - . $892,213 60 Bullion produced, gold. - - - - - - - - $784,680 86 
Total assay value, as per mill samples, silver - 2,315,810 07 Bullion produced, silver - - - - - - - - 1,383,744 54 
fo See oe oka og ah a Se eheechens Gy otal) seh Gee an oe a) aot TOSSA 25a 


Notes on mills referred to in foregoing table. 


No. 1. Wheeler Pan: Charge of ore 1,000 pounds; salt 3 pounds; 
sulphate of copper three-fourths of a pound; quicksilver 60 pounds, added 
after two hours’ grinding. Steam admitted directly. Time in pan, four 
hours. 

No. 2. Details as in No. 1. 

No. 3. This was all second-class ore, consequently less docile. Salt is 
used with each charge, but only a pinch of sulphate of copper. 
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No. 4. Wheeler Pans: Charge of ore 1,000 pounds; 2 or 3 pounds 
of salt; 3 or 4 ounces of sulphate of copper; 30 to 50 pounds of quicksilver, 
put in when the pan is charged. Steam used directly. Time in pan, four 
hours. 

No. 5. Chiefly Wheeler Pans: Charge of ore 1,000 pounds; salt 6 
pounds to each charge; subsequently the use of salt was abandoned without 
affecting the result; sulphate of copper 14 pounds; quicksilver 75 pounds, 
put in after every clean-up, subsequently 35 pounds with each charge; a 
quantity is also kept in the separators. Steam is used directly. Time in 
pan, four hours. 

No. 6. Hepburn Pans: Charge 1,400 pounds; no salt used; sulphate 
of copper, from 3 ounces to 2 pounds, put in with the charge; quicksilver 30 
to 50 pounds, added with the charge. Steam used in chamber and direct. 
Product of the agitator, also product of reworking slimes, returned to the 
mine. ‘Time in pan, four hours. 

No. 7. Wheeler Pans: Charge 1,500 pounds. No salt used. 1 pounds 
sulphate of copper, added in solution; quicksilver 60 pounds, put in with the 
charge. Steam used in the chamber. Time in pan, four hours. Slimes, 
which in some mills are mixed with the sand to be worked in the pans, are 
never treated in this mill. The superintendent attributes to this much of 
the efficiency of his work, experiments having satisfied him of the evil effects 
of thus mixing slimes with sand. One ton of ore is thought to produce about 
one hundred and fifty pounds, or from seven to eight per cent. of slime. 

No. 8. Pans, reconstructed Wakely ; in effect, large Wheeler: Charge 
1,500 pounds. No salt used. Sulphate of copper, one pound per ton of ore, 
added after grinding the charge one hour; quicksilver 75 pounds, added with 
the copper. Steam used in chamber. ‘Time in pan, four hours. This mill 
having large tank capacity, the stream of pulp from the batteries has unusu- 
ally protracted opportunity for settling, and, in effect, the foreman reports 
that the water runs from the last tank “clear enough to drink.” 'The final 
tanks contain the slimes and these are mixed with the coarser sand, in the 
proportion of one-third of slime and two-thirds coarser sand, to be worked 
in the pans. Without attaching undue significance to this note, it is inter- 
esting to contrast with it the note on No. 7, and to observe that the results of 
32 
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these two mills, as given in the table, are among the two extremes of good 
and bad work. 

No. 9. Varney Pan: Charge of ore 1,200 to 1,400 pounds; salt, 3 or 4 
pounds per ton of ore; sulphate of copper, three-fourths of a pound per ton of 
ore; quicksilver 50 pounds, added with each new charge, after the latter has 
been ground two hours and a half. ‘There is always more or less quicksilver 
and amalgam remaining in the pan, except just after a clean-up. Steam 
used direct. ‘Time in pan, four to five hours. In addition to the usual sepa- 
rator there is a second or supplementary vessel of similar character, the pro- 
duct of which, though not very important, is returned to the mine. 

No. 10. Wheeler Pans. . 

No. 12. Hepburn Pans: Use both salt and sulphate of copper. 

No. 14. Varney Pans: Use both salt and sulphate of copper. 


No. 15. Old-fashioned common pan or tub. The great excess of gold 
in the return, as referred to the mill sample assay, is probably to be explained 
by some fault in the assay of that sample, since the return does not differ 
widely from the general average of other mills when referred to the wagon 
sample, in which the proportions of gold and silver are about as usual. 

Nos. 16 and 21. Use the Knox pan, an older and simpler form than any 
of those described in detail in this chapter. 

In judging of the comparative efficiency of various mills or methods by 
the ‘results obtained, on a large scale, at any of the mills in question, it is 
important to remember that the assay, which is the only standard to which 
the results are referred, is not infallible. 

Notwithstanding all the care exercised by the parties interested 
and the great number of samples selected for assay, the result, after all, is 
only an approximation to the truth. Some portions of a given parcel of ore 
may contain free gold or segregated particles of rich silver ore, which quite 
escape due representation in the sampling, or the contrary may occur and the 
value of the parcel be thus overestimated. Further, the variable amount of 
moisture in the ore affects the result, since the assay is of the dried sample. 

Finally, the ores produce, in crushing, very variable quantities of slime, 
on account, partly, of the character of the gangue, some being more clayey 
than others, and partly by reason of the varying conditions present in the bat- 
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teries, the weight and speed of the stamps, the size of the screen, &c., affect- 
ing the proportion of slime produced. These slimes carry with them a cer- 
tain percentage of the value of the ore, and the relative amount of slimes 
and coarser sand, produced in the crushing of any given parcel of ore, be- 
comes an important element in the consideration of the results obtained, 
whether the former pass out of the mill without treatment or whether they 
are mixed with the sand and worked in pans; especially if, as many believe, 
the finely divided condition of the particles composing the slimes is unfavor- 
able to amalgamation. 

Without considering the various details of manipulation in the pans, it 
will be seen from the foregoing that the mechanical elements of the problem 
are quite as important, if not much more so, than the much discussed and 
little understood action of the chemical reagents employed in the methods of 
reduction of Comstock ores. The possible and probable action of these will 
be further noticed in the following chapter. 
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SC TON Save 
TREATMENT OF SLIMES AND TAILINGS. 


The treatment of the residue, or that which remains of the ore after it 
has been subjected to the process already described in this chapter, is a mat- 
ter of much importance. In the earlier years of operation on the Comstock 
lode but little attention was paid to the stream of tailings that was constantly 
flowing from the mills, carrying with it a considerable proportion of the orig- 
inal value, because it was generally assumed that the first process had ex- 
tracted from the ore everything that could be obtained with a margin of profit 
above the costs of milling; but with the gradual improvement in methods of 
work and the reduction in costs of operation, the attention of mill-men has 
been generally turned to this subject. 

Frequent reference has been made, in the course of this chapter, to the 
character of these residues, the way in which they are produced, and their 
value as a source of profit to the mills engaged in reducing the ore. 

It may be repeated that the term “‘slimes” applies to that portion of the 
crushed ore which is reduced by the stamps to an exceedingly fine condition 
and, flowing from the batteries in the stream of running water, does not find 
sufficient opportunity to deposit itself in the tanks in which the coarser sands 
are collected, but is carried beyond them, and only settled, after a long time, 
either in another set of tanks or in large reservoirs. ‘These are properly called 
“battery slimes,” to distinguish them from the material that may be reduced 
to a similarly fine condition by the operation of the pan. 

The term “tailings” is understood especially to apply to that portion of 
the crushed ore which, after having been subjected to the grinding and amal- 
gamating process in the pan and settler, flows away from the latter, or from 
the agitator, and passes on out of the mill, deprived of the greater part of its 
valuable contents. A part of this material is in a very fine and slimy condi- 
tion, but the bulk of it may be better described as a fine-grained sand. Leav- 
ing the mill the stream flows onward, and is usually subjected at once to 
various methods of concentration, the most common of which is the blanket- 
table, by which means a portion of the escaping amalgam, quicksilver, and 
heavier particles of ore may be extracted to be reworked, while the great mass 
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of material is finally collected in dams or reservoirs for still further treatment. 
Reservoirs for this purpose are placed at convenient points along the courses 
of the streams, or cations, on which the mills are usually placed, though on 
account of the limited space in the narrow valleys they are necessarily small; 
but at the mouths of the cafions, in the level country adjacent to the foot-hills, 
there are a number of reservoirs of large capacity, in which everything brought 
down by the streams finds a resting place, and is reserved for work in the 
tailing mills established there. 

A few paragraphs will here be devoted to a brief notice of the character 
of the slimes and the methods by which they are worked, the common means 
of concentrating tailings, and the disposition of the concentrations; and, finally, 


_ the treatment of the unconcentrated or “‘raw tailings.” 


It has already been shown that the quantity of slimes produced in crush- 
ing ore varies considerably in different mills. In some mills the proportion 
of slimes is thought to be about two per cent. of the ore crushed by the 
stamps, while in others it is said to be as high as ten per cent. This is partly 
due to the difference im the character of the ore or its gangue, and partly to 
the difference in the conditions under which the crushing takes place. 

As these slimes carry with them much of the very finely crushed silver . 
ore, their assay value is not only considerably higher than that of common tail- 
ings, but is often higher than that of the original ore. Especially that portion 
of the silver-bearmg mineral of the ore which exists in the form of rich 
sulphurets, being soft and readily crushed, is lable to be reduced to 
an impalpably fine condition, particularly if freed from particles of quartz, 
that might, if present, preserve it in a coarser form, and escape with it from 


- the battery before being reduced to slime. 


AMALGAMATION OF Suimes In Pans.—The attempts to work slimes by 
ordinary methods in pans have not hitherto, or at least until recently, been 
followed by very satisfactory results. This has been attributed partly to the 
finely divided and clayey condition of the material itself, the particles of 
quicksilver and amalgam becoming coated with an adhering film of the slimy 
substance, preventing amalgamation and involving great mechanical loss of 
quicksilver; partly, also, to the probable existence of the silver in the form of 
sulphurets, as just indicated—a combination resembling that of the first-class 
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ores, which require to be roasted with salt, chloridizing the silver and prepar- 
ing it for amalgamation. This roasting process, however, has hitherto been 
too expensive to be used profitably in working slimes. Owing to these difh-_ 
culties the slimes produced in crushing have not been, at least until lately, a 
source of much profit. In some mills, as has been already stated, it has been 
the custom to mix a part of the slimes with the sand of the tanks, or, in 
other cases, with common tailings, and so work them over in pans; but the 
data are not sufficient to furnish any reliable estimate of the degree of effi- 
ciency attained in extracting their valuable contents. In other mills the 
stream bearing the slimes has been allowed to run off with the common tail- 
ings, finding its way to the grand reservoirs at the mouths of the cafions, 
while others have accumulated them in dams, made specially for that purpose, 
holding them in reserve for a time when they might be turned to some 
account. 

Within a year or two past much progress has been made in working — 
these slimes in pans without previous roasting, and several mills of consider- 
able capacity have been devoted exclusively to this business, purchasing their 
supply of slimes from neighboring crushing mills, and treating them in such 
manner as to obtain a fair percentage of their value with considerable profit. 

The Messrs. Janin and Mr. Ira 8. Parke have mills of this description, 
in Six-Mile Caton, not far below the large mill of the Gould and Curry 
company. 

The method of treatment employed in working slimes in these mills 
does not differ much, in mechanical details, from that by which the fresh ores 
are worked, the most notable feature of the process being the use of much 
larger quantities of chemical reagents than is customary in milling ordinary 
ore. The reagents themselves do not differ in kind, but the quantity is 
increased to an extent which makes it possible to believe in their efhcient 
action. 

In the Janin mill there are four McCone pans. These each receive 
2,500 pounds of slime at each charge. . 


‘The charge of ore for this pan is 4,000 or 5,000 pounds, but as slimes increase 
greatly in bulk on the addition of water, it will not take more than 2,500 pounds of the 
dry material. 
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Twelve pounds of the sulphate of copper and thirty-six pounds of salt 
are put into the pan with each charge, and the whole is worked for two hours 
before putting in the quicksilver. Little or no grinding is required, as the 
material is already exceedingly fine; the muller is raised high enough above 
the bottom to avoid unnecessary friction, but is revolved at about the same 
speed as in working ore, the main object being to keep up a rapid and perfect 
circulation of the pulp. After two hours the quicksilver is added, and in large 
quantity, usually 300 pounds. The charge is then worked for four hours 
longer, and afterward drawn off into the settler, from which the amalgam is 
collected in the manner already described, while the residue is allowed to 
pass through large agitators, before finding its way to the tailing stream, in 
order to save as much as possible of the escaping amalgam and quicksilver. - 

The quantity of quicksilver employed in this process is so large that the 
loss of that metal in the operation is proportionally great, especially as it is 
_ believed that the clayey condition of the slimes greatly facilitates its escape. 
This loss is stated at about five pounds of quicksilver to the ton of slimes. 

This item, together with the cost of the chemicals, which, by reason of their 
‘liberal use, amounts to a considerable sum, makes the treatment of slimes 
quite expensive, probably not less than $12 per ton. 

The supply of slimes is obtained by purchase from the neighboring crush- 
ing mills, their value beimg previously determined by assay. This value 
varies from $25 to $50 per ton, and the purchase price, for some time past, 
has been from $3 to $5 or more per ton, according to their contents. It is 
said that the method of working just described extracts upward of sixty, and 
frequently eighty, per cent. of the assay value. 

In Mr. Parke’s mill, in the same neighborhood, the method of operation 
is very similar to that just described. He uses, however, large wooden pans 
or tubs, having cast-iron bottoms but wooden sides. The tubs have large 
capacity. ‘The wooden sides of the tub, which are 3 inches thick, are fur- 
nished on the inside with a lining, also of wood, 1 inch thick, which, when 
worn down, may be replaced by new pieces without reconstructing the tub. 

in addition to this inner lining it has been found advantageous to attach strips 
of wood, 2 by 4 inches thick, to the inner circumference of the tub; these 
strips stand vertically, and about 2 inches apart, producing a rough or corru- 
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gated instead of a smooth surface on the inside of the tub. This has been 
found to assist greatly in the disintegration of the lumps of slime, which, 
although consisting of the most minute particles, hold together, like clay, with 
great tenacity when wet, and, in ordinary pans, frequently present a serious 
obstacle to thorough amalgamation. According to late advices from Virginia 
City, Mr. Parke has carried this improvement still further by making this 
corrugated surface on a rim of cast iron. The corrugations may be on the 
tim which is cast on the pan-bottom for the purpose of attaching the wooden 
staves of the side, or the rim may be cast separately and placed in the pan. 
The corrugated surface is 10 inches high and the rim is 3 inches thick. As 
the wear of a pan-rim is confined chiefly to within 10 inches of the bottom,. 
the provision of this surface, which, like the shoes and dies, may be easily 
renewed when worn down, without changing the pan, is deemed.a great 
improvement. . 

Roasting oF Siimes.—Before the working of slimes raw, or without 
roasting, had been brought to the degree of efficiency that it has in the hands 
of the Messrs. Janin, some efforts were made to devise cheap methods of 
roasting them with salt at a cost that would leave some margin of profit. 
The usual means of roasting first-class ores is by reverberatory furnaces, 
which involve a large expense, especially in labor, as the material to be 
roasted must be constantly stirred and turned, in order to present every 
particle to the oxidizing and chloridizing agencies. ‘The cost of this method 
is too great for slimes of ordinary value. 

For the purpose of effecting a cheaper roasting, a furnace was devised, 
some time since, the chief object of which is to accomplish the operation with 
the least possible amount of manual labor, using some mechanical contrivances 
for stirring the pulp, and partly effecting, by the same means, the continuous 
supply and discharge of the material. This invention, known as the O’Hara 
and ‘Thompson Roasting Furnace, sometimes as the Yerrington Furnace, 
from the name of the proprieter of the patent, consists of a horizontal flue 4 
feet wide and 11 inches high in the arch and 80 feet long, built of common 
brick. At the two sides are three fireplaces, one near the middle on one 
side, two near the ends on the opposite side. At one end of the furnace is a 


chimney, but the main flue, just described, instead of opening directly into it, 
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is connected with it by two side flues, that branch off from the main flue 
about ten feet from the stack, leaving space for a platform between the stack 
and the end of the main flue, which is open, or only closed by a sheet-iron 
door. The firing being in progress in the several fireplaces, the heat passes 
along the main flue and then by the branch flues to the stack. The material 
to be roasted is put on the platform at the end of the flue near the stack, and 
is moved, by the mechanical appliances referred to, into the flue and slowly 
along its whole length, at such speed as may be desired, and, at the same 
time, subjected to constant stirring and turning. This is effected by means 
of an endless chain, passing through the flue, and carrying a number of 
scrapers, which, as they move along the due, just rest on the bottom. 
The chain moves over two pulleys, one at each end of the flue, and is so 
arranged as to pass, in one direction, in and through the flue, and, in the 
opposite direction, outside of and above it. At two opposite parts of the 
chain are two circular pieces of iron, having the form of a ring, with a diam- 
eter about equal to the width of the flue. To each of these circles are attached 
the scrapers, six or eightin number. They are shaped something like a plow- 
share. As they pass through the stuff spread on the flue bottom they move 
it along and turn the particles with which they come in contact. The scra- 
pers may be so set on the ring that the entire surface of the flue bottom is 
covered at some time by one or another of them. According to the angle 
which the face of the scraper makes with the larger axis of the flue the for- 
ward movement of the material will be greater or less. By this means, as 
well as by the speed at which the chain is caused to move, the length of time 
which a given portion of the material shall occupy in passing through the flue 
may be determined. The rings, carrying the scrapers, are jointed or hinged 
so as-to pass over the pulleys on which the chain moves. At each end of the 
flue is a sheet-iron door, the lower part of which is hinged so that the rings 
may pass. There are also slots cut in the hinged parts for the passage of 
the chain. 

This furnace, although devised several years since and affording then 
satisfactory results with experimental trials, has not yet come into general use. 


Some furnaces of this kind, but differmg in some details of construction, were 
33 
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built, in 1868, at the Rising Star mine, in Idaho, but, owing to the stopping 
of the mine, were not long in operation. 

Tn the first furnace of the kind, built at the Merrimac mill, on the Car- 
son River, experiments, on a large scale, showed that slimes could be roasted 
at a cost varying from $5 to $7 50 per ton, according to the price of fuel, and 
chloridized to such a degree that from seventy-five to eighty per cent. of the 
assay value could be extracted, after the roasting, by working in pans. The 
treatment of the roasted material, in pans, should not cost more than $4 or — 
$5 per ton. 

Another furnace, known as the “Stetefeldt,” designed for the cheaper 
roasting and chloridizing of ores, will be described further on. 

ConcENTRATION or Tarnincs—Tailings, in the Washoe district, have 
generally been found more profitable than slimes. It has been already said 
that the stream of water, carrying the tailings out of the mill, is usually 
passed over blanket-tables, in order to save all that can possibly be obtained 
in that way. : 

The blanket-table, the most common means of concentration, is a long 
shallow trough, about 20 inches wide, with sides only an inch or two high, 


and of indefinite length, according to the supply of tailings, water, the char- - . 


acter of the ground, and other conditions. A number of these tables are 
usually established side by side, sometimes only two, three, or four together, 
sometimes as many as fifteen or twenty. They are inclined gently, usually 
having a fall of six or twelve inches in twelve feet of length. They are 
covered with coarse blankets, made especially for the purpose, in strips about 
two feet wide, and cut in such lengths, usually ten or fifteen feet, as may be 
deemed convenient for removal and washing. As the stream of tailings runs 
over the blankets the heavier portions of the ore, sulphurets, &c., and particles 
of amalgam, are retained in the blankets, while the poorer sand is washed 
away. The quantity of water must be carefully adapted to the purpose, sufi- 
cient to prevent the accumulation of sand and not enough to carry away the 
heavier particles. The operation is usually assisted by a man who, with a 
broom, sweeps the surface of the table lightly, aiding the even distribution of 
the material and exposing the particles more thoroughly to the action of the 
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water. The blankets are taken up from time to time and washed out in a 
tub of water, usually once in twelve hours. While the blankets of one table 
are being washed the stream is turned so as to run over the neighboring 
tables. The concentrations washed from the blankets are collected and 
worked in pans. They usually yield from $18 or $20 to $30 per ton. 

In each of the principal cations or ravines in which the mills are situ- 
ated, below Virginia City, are continuous series of blanket-tables, making in 
the aggregate several miles. Some of the tables are owned by mills, dis- 
charging tailings into the cafion, but generally they belong to other parties, 
who agree with the mill-owner for the use of the tailings. According to the 
report of the Surveyor General, Mr. Marlette, there were in 1866 over 2,200 
feet of blanket-sluices in Six-Mile Canon. Their cost is estimated at about 
$1 per foot, including blankets. 

At the Santiago mill, on the Carson River, there are sixteen tables, side 
by side, 100 feet long. ‘They belong to the mill, which crushes 50 tons of 
ore daily. ‘The tailigs pass over the tables, yielding about five tons daily 
of concentrations, which produce about $20 per ton. T'wo men are necessary 
to attend to them. Of the sixteen tables eight were designed for use‘in the 
night, leaving the blankets to be washed in the day-time when the stream 
passed over the other eight; but when the washing is performed day and 
night, eight tables are sufficient for the quantity of ore above mentioned. At 
the Brunswick mill, also on the Carson, the amount of ore crushed, and the 
quantity and value of the concentrations were in about the same proportions 
as above given. ‘The profit accruing from this source to the mill reduces con- 
_ siderably the original cost of crushing and amalgamating. 

The following are the results of working some concentrated tailings, 
from the Atchison mill. The assays, on which the original value of the tail- 
ings is predicated, were made of samples selected from the heap. In the sevy- 
eral months included in the report, the proportion of the number of assays 
to the number of tons worked was not always the same. In the best lot 
there was one assay for about 10 or 12 tons of the concentrated tailings. 


260 MINING INDUSTRY. 


November, 1866. December, 1866. January, 1867. 


Tonsworked . - - - = - 148 


Silver. 


Assay valueperton. . . . $53 92 
Wieldiperiio uma ee 19 59 
Proportion of gold and silyer— 80.9 
in assay value of tailings. 
Proportion of gold and silver 5 i a é Tos 
in bullion. 
Percentage of gold and silver i é Bats 3 36.3 
extracted. 


Yield per cent. of assay value 


Various other contrivances for concentration have been introduced into 
the district, but none, so far, have come into general use. 

Among other noticeable machines for this purpose is Hunter’s concen- 
trator, which has been used for several years in California, and which the in- 
ventor sought, about a year ago, to apply successfully to Comstock tailings 
This is a percussion table of small size, being about 30 mches long by 24 
wide, so suspended im a frame-work as to admit any desired inclination and 
the shght movement imparted by the percussion. The bottom of the table 
is slightly mclined from each end toward the middle. The tailing end is 
usually placed about an inch lower than the head. The material is supplied 
by a distributing launder about 8 inches from the head and, close by it, nearer 
the head, is a launder supplying clean water, which, like the material to be 
concentrated, is fed through a series of holes, so as to distribute it evenly 
across the table. The percussion is applied at the lower end of the table, 
at the rate of 200 to 240 shocks per minute. Its effect is such that the 
denser particles are sent toward the head in resistance to the stream of 
water, while the lighter particles yield to the force of the water and are car- 
ried down to the lower end and discharged. The separation therefore takes 
place at the point of supply, the heavier particles moving in one direction and 
being discharged at the head, the lighter sand moving with the water to the 
lower end and discharging there. A revolving scraper, just touching the sur. 
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face of the material, assists the discharge of the waste-sand after its separa- 
tion from the heavier portion. The inclination given to the table, the speed 
of the percussion movement, and the quantity of water used, determine the 
degree of concentration. ‘The capacity of the table is stated at 2 or 24 tons 
in 24 hours. Very little power is required and one man can attend to many 
tables. 

Tartine Reservoirs.—The tailings coming down the cafons from the 
mills above, after having passed over the blanket-tables, or having been sub- 
jected to other methods of concentration, are finally allowed to accumulate in 
reservoirs. Some of these, of small capacity, are placed along the course of 
the streams, but the principal deposits of that sort are on the level land 
adjacent to the mouths of the cations. Thus at Dayton, where Gold Hill 
Canon opens upon the plain, there are two or three reservoirs, the aggregate 
contents of which probably amount, at present, to 400,000 tons. This quan- 
tity is daily increased by what is brought down by the stream from mills 
above. Further down the river, near the mouth of Six-Mile Camion, and 
receiving everything brought down from the mills on that water-course, is 
another known as the Carson reservoir, containing not less than 200,000 
tons of tailings. In Six-Mile Cation, two miles above its mouth, is a smaller 
reservoir, formerly estimated to contain 100,000 tons, but of which a large 
portion was swept away, some time since, by freshets. The quality of the 
tailings in these dams varies considerably, depending on several conditions, 
among others, the proportion of slimes that may be mixed with the sands. 
Thus assays of the slimy and richer parts may show a value of $25 or $30 
per ton, while the coarse sands vary in value from $4 or$5 to $12 or $15 
per ton, according to the original character of the ore and the degree of effi- 
ciency with which its valuable contents have been extracted. 

The contents of some of the smaller reservoirs about Dayton are said to 
have an average value of $16 to $18 per ton, though the larger reservoirs are 
probably less rich, a number of assays giving results varying from $9 to $13 
per ton. The Carson reservoir has been tested by many assays, varying be- 
tween.$7 50 and $25, averaging about $13 per ton. 

AMALGAMATION OF Raw Tamines.—There are now a number of estab- 
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lishments in the district engaged entirely in working over the tailings of the 
crushing mills. Some of the smaller ones are situated in the cafions or in 
the immediate vicinity of the mills which furnish their supply, but the most 
important are placed near the large reservoirs just described and draw from 
them the material for their work. The largest of all the mills thus engaged 
is that of Mr. Birdsall, at Dayton. This mill was formerly a crushing mill, 
provided with 30 stamps and 20 Wheeler pans. It has lately been refitted 
and devoted to the working of tailmgs. The stamps, of course, are useless 
for this purpose. A number of large Horn pans have been added to the 
machinery of the mill, making 30 or 35 pans in all, with capacity for work- 
ing between 250 and 300 tons of tailings per day. ‘The mill has an excel- 
lent water-power, derived from the Carson River, ample for all its needs. 
As it is conveniently placed with reference to the supply of material, it 
should be able to do its work very economically. It is said that the business 
of this mill is exceedingly profitable, but the writer is not in possession of 
definite information concerning the yield of the tailings or the costs of work- 
ing them. i 

In the neighborhood of the’ Birdsall mill, also at Dayton, and engaged 
in working tailmgs from one or more of the reservoirs there, is the mill of 
Messrs. Janin and Baldwin. This mill has five McCone pans, with a capa- 
city of about 50 tons per day. It is driven by steam, an engine of 12-inch 
cylinder doing the required work. Each pan works a charge of 4,000 or 
5,000. pounds; and four or five charges per day, making a full duty of 10 
tons per pan for each 24 hours. | 

Sulphate of copper and salt are supplied to the pans with each charge ; 
the former reagent in quantities varying from 8 to 6 pounds per ton of tail- 
ings, and the latter largely in excess, from 20 to 30 pounds per ton. The 
pans are covered, and supplied with steam, keeping up a high temperature. 
The yield obtained is thought to be about sixty per cent. of the assay value, 
which is said to average $16 or $18 per ton. From the accounts of this mill, 
furnished by the kindness of Mr. Baldwin, it appears that during five months, 
ending October 31, 1869, the quantity worked was 6,732 tons; of which the 
average yield was $9 75 per ton. The total expense of the mill during these 
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five months, covering not only the costs of working, but both ordinary and ex- 
traordinary repairs, amounted to $43,672 79, or $6 48 per ton. The mill, 
however, was refitted during this time and several new pans were purchased 
to replace others that were worn out. The current costs of operation appear, 
from the accounts of these five months referred to, to be about as follows: 


Per ton 
Loi? LEVEE. cu eck SE Oe Oe EARN a Ec $1 40 
Mitntelasi incre ON ee Ae see rus eee eo als oka 95 
SiRIDS S eS o cd Beas obit Genes ae See ee tr en ane 68 
Dull planer OUNCOMNenen se soes te 0a5. ba S821 2h cession sis ts 2e- ot! 65 
By lar Oa era ce eho Ohad G25 sient sald alae 2 sie) Sinn. 2 120 
Oia TE ee eee ine oes arog Sees cle e Se nicip “Jelomes anie'ysaeic -~=4 12 

5 00 


To this may be added some incidental expenses, not very large under or- 
dinary circumstances, In the month of October, when the mill worked 
1,556 tons, the whole expense per ton was $5 60. The tailings worked in 
this mill are rather richer than the average material of taht sort, and are there- 
fore treated with a larger quantity of chemical reagents, making for these items 
a large cost. Wood is also expensive in the neighborhood of this mill, costing 
not less than $10 per cord, and often more. ‘T'ailings of lower vrade, requiring 
less outlay for chemicals, worked in less time, especially if in mills of greater 
capacity, may be treated for proportionately less money. In Avery’s tailing 
mills, in Washoe Valley, where wood is obtained at $6 per cord, the cost pe- 
ton is said to be $3 50. In Janin & Baldwin’s mill there are seventeen 
men employed, comprising one foreman, five amalgamators, (three by day and 
two by night,) two engineers, one wood-passer, three teamsters, (bringing tail- 
ings from the reservoir,) and five shovelers, (loading teams and turning the 


tailings over to dry.) 
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SOG AL ILO IN ah 
TREATMENT OF FIRST-CLASS ORE. 


The treatment of the first-class ores was briefly referred to in the first 
part of this chapter. The combinations in which the gold and silver exist in 
these unfit them for profitable treatment in the simple grinding and amalga- 
mating process which has been described in the foregoing pages. They 
require a chloridizing roasting, after which they are amalgamated in barrels. 
The quantity of high-grade ore now produced in the district is so small that 
the single establishment of Mr. J. H. Dall, in Washoe Valley, has much more 
than sufficient capacity for its treatment. | 

It has already been shown that during the twelve months ending July 
1, 1868, the Savage mine, which was then the chief source of high-grade ore, 
produced but 2774 tons of so-called first-class ore; and in the following year 
only 684 tons. ‘The establishment referred to, which is built in connection 
with a wet-crushing and pan-amalgamating mill, has twenty stamps for dry 
crushing, eight reverberatory roasting furnaces, and twelve barrels, capable of 
treating some three or four hundred tons per month. 

The method of treatment to which the ore is subjected consists of dry- 
ing, crushing by stamps without the use of water, roasting with salt, amalga- 
mation in revolving barrels, and the separation of the gold and silver from the 
quicksilver by the usual method of retorting. These principal features of the 
process will be briefly described. 

Dryine.—The drying kiln consists of-a series of flues, covered by a cast- 
iron floor, on which the ore, already reduced to a size suitable for stamping, 
is spread. The surface for the reception of the ore is about 8 feet wide by 
12 feet long. The iron is cast in sections or plates, 8 feet long by 3 feet 
wide, with a strengthening rib on the under side. The base of the kiln is 
brickwork, and the flues are about 8 inches deep. They are covered by the 
iron plates. At one end of the kiln is a fireplace, and at the other a stack, 
so that the heat passes from one end to the other under the iron cover or 
floor, on which the ore is spread to a depth of 4 or 5 inches: The ore is 
constantly raked and turned until quite dry. 

When the kiln is conveniently placed, as in some similar establishments 
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in Eastern Nevada, the heat from the roasting furnaces, on its way to the 
stack, passes through the flues, saving a special firmg. In the present in- 
stance there are three kilns, able to dry about twenty-five tons per day, 
consuming in all about a half cord of wood in twenty-four hours, and requiring 
one man’s attention to keep up fires and rake over the ore. 

Crusnine.—For crushing the rock, after drying, there are twenty stamps, 
arranged in batteries of four, weighing about 600 pounds each, dropping 8 or 
9 inches about 65 times per minute. The foundations and battery-frame are 
not essentially different from those in wet-crushing batteries. The mortars 
differ from the high ones used for wet-crushing, consisting of a bed-piece with 
sides and ends that are only high enough to provide the means of bolting the 
iron casting to the wood-work of the battery-frame, attaching the ‘screen- 
frames, &c. 

The dies are flat, circular pieces of cast iron, that fit into recesses in the 
bottom of the mortar. Each die has two lugs or projections on its periphery, 
which, being dropped into a groove in the bottom of the mortar, may then be 
revolved 90 degrees, under a flange or lip with which the recess is cast. 
Molten lead is then poured in to hold the dies firmly. When it is desired to 
remove them, quicksilver is poured into the battery, dissolving the lead and 
loosening the dies. By retorting the quicksilver, both metals are recovered. 

The discharge is at both sides and ends. Screens of brass wire-cloth 
are used, having 40 meshes to the lineal inch, or 1,600 holes to the square 
inch. The stamps crush from a half ton to one ton per head per day of 
twenty-four hours. The batteries are inclosed by housings or closely fitted 
boxes, which serve as receivers for the crushed material. The casings are 
provided with doors, by means of which the workmen can enter and remove 
the crushed ore by shovelling it into barrows. 

Roastine.—The fine ore is then roasted with salt in reverberatory 
furnaces. These are built of common red brick. Figs. 1 and 2, on Plate 


XXIV, show the method of their construction. Fig. 1 is a horizontal section 
through the line, A B, on Fig. 2. In the drawings, H is the hearth; D, the 


1From drawings furnished by Mr. J. B. Hiskey. 
34 
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stirring door; d, the discharge door; G, the grate; C, the bridge; F, the 
flues; P, the ashpit; J, the hopper. The charge consists of 1,000 pounds of 
ore, which is mixed with six per cent. of salt, the latter beimg added to the 
charge in the hopper by which the furnace is supplied. The charge is heated 
very gently at first, the temperature being gradually raised, until at the end 
it is subjected to a high heat. Usually six hours are required for the roast- 
ing. The charge is constantly stirred, and once or twice during the opera- 
tion it is turned; that is, the portion of the charge remote from the bridge is 
caused to exchange place with that which is near. 


The operation effected by thus roasting with salt consists, very nee 


expressed, first, in the oxidation of the metallic compounds, converting the 
sulphurets, in which form the silver chiefly exists in the ore, to sulphates; 
‘and the subsequent decomposition of these combinations by the salt, with the 
formation of the chlorides of the metals. Sometimes an addition of limestone 
is made to the charge, for the purpose of decomposing the chlorides of cop- 
per, zinc, &c., thus preventing, to some extent, their subsequent amalgama- 
tion in the barrel, and obtaining bullion of a purer quality. 

Each furnace, roasting four charges of 1,000 pounds each, or two tons, 
in twenty-four hours, consumes one cord of wood. ‘Two stirrers are employed 
on each twelve-hour shift, making four men in twenty-four hours. One man 
is required to receive and attend to the ore on the cooling floor, after its dis- 
charge. ‘The same man can attend to more than one furnace. 

The roasted ore is passed again through a screen, having 1,600 holes to 
the square inch, in order to remove from it any lumps that may have formed 
by caking in the furnace, or coarse particles that may have escaped the bat- 
tery-screen. It is then elevated to a large hopper, placed above the amalga- 
mating barrels, to which latter it is thence supplied by means of smaller 
hoppers, one of which is suspended over each barrel. 

Barret AmALGamation.—The barrels are 4 or 5 feet in length and 
diameter. They are usually made of soft pime. Figs. 3 and 4, on Plate 
XXIV, show a vertical section and end view of an amalgamating barrel, 
formerly used at the Gould and Curry mill. The ends of the barrel are made 
of plank, nicely fitted together and joined with a tongue of hard wood. The 
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staves of the barrels are sometimes made of six-inch stuff, without lining; 
sometimes, as shown in the figure, the staves are 2 or 3 inches thick, with an 
interior lining of blocks 4 or 5 inches square, and 3 or 4 inches thick, and so 
vlaced in the barrel that the wear is on the end of the grain. This lining can 
be removed when worn out. The staves of the barrels are bound with iron 
hoops, the ends of which are drawn together as shown in Fig. 5. The ends 
of the barrel are strengthened by a four-armed flange of cast iron. The bar- 
rels are caused to revolve by cog-gearing, the teeth being put on in segments, 
around the end of the barrel; or by belting, or, as at Austin, by friction-gear. 
The barrel, of which a section is shown in Fig. 3, shows a contrivance for 
admitting steam to the pulp through the trunnion. This arrangement, not 
very common, consists of a steam-pipe, p, Fig. 6, which enters the trunnion 
and fits smoothly against the end of another pipe, g, that passes through the 
end of the barrel and admits the steam to the interior. The interior pipe, q, 
revolves with the trunnion, while the exterior pipe, p, is fixed and remains 


without motion. The trunnion, 7, is keyed to the flange already referred to. 


The barrels are charged with about 2,000 pounds of ore, mixed with 
water enough to make a moderately thick paste. Before adding quicksilver, 
the charge is revolved for two or three hours in the barrel with several hun- 
dred pounds of scrap-iron. The object of this is to effect a partial reduction 
of the chlorides present, which would otherwise be performed at the expense 
of the quicksilver. ‘The chloride of silver is partly reduced by the metallic 
iron, and is subsequently amalgamated by the quicksilver. The same is true 
of the lead and copper. Quicksilver is added according to the richness of 
the ore, usually varying from 250 to 500 or more pounds. The barrel is run 
two hours, at twelve or fifteen revolutions per minute, and then examined that 
the consistency of the paste may be ascertained. If the latter is too thin, the 
quicksilver settles on the bottom. This condition is remedied by the addition of 
more roasted ore; while if too thick for the most favorable distribution of the 
quicksilver, more water is added. ‘The barrel is then allowed to revolve again 
for fourteen hours, making fifteen revolutions per minute. The whole time 
occupied from the charging to the discharging of the barrel is eighteen or 


twenty hours. When the amalgamation is complete, the paste is thinned by 
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the addition of water, and the quicksilver and amalgam are thus allowed to 
collect on the bottom of the barrel. 

Below the barrels is a large hopper or funnel-shaped contrivance, sloping 
down from the four sides to a common center. When a barrel is to be dis- 
charged, a small plug in the side is loosened while turned upward, and when 
the barrel is revolved, so that the plug is downward, it is drawn out by hand. 
The quicksilver and amalgam are discharged into the hopper or funnel just 
described, and are allowed to run from the barrel until the pulp begins to fol- 
low, when the plug is replaced. When all the barrels, ready for that purpose, 
are discharged, the amalgam in the hopper is carefully collected and washed, 
and afterward cleaned in a common pan like those in use in other mills for 
similar purposes. The straining of the quicksilver and retorting of the amal- 
gam is performed in manner similar to that already described. 

After the hopper below the barrels has been cleaned of all the quicksil- 
ver discharged into it, the residue is permitted to flow from the barrels and to 
run down into a large agitator, eight or ten feet deep, and twelve or fifteen feet 
in diameter, in which stirrig-arms are revolving in manner similar to that 
already described in the foregoing. By this means, the unseparated quicksil- 
ver and amalgam are allowed to settle, and the concentrations of this vessel 
are worked over in pans in the common way, while the mass of tailings, pass- 
ing from the settler, are subjected to further methods of concentration and 
subsequent treatment. 


The actual costs, in detail, of the treatment of ore by this method, or 
the actual percentage of value obtained from the ore, are not definitely known 
to the writer. The former probably vary between $20 and $30 per ton, ac- 
cording to the richness of the ore, the amount of salt, quicksilver, and other 
material consumed, and other conditions. The only mill now employed in 
the reduction of high-grade ores produced by the Comstock charges the pro- 
ducer $40 or $45 per ton for treatment and guarantees the return of eighty 
per cent. of the assay value of the ore. The supply of ore is so limited, and 
the establishment consequently unoccupied for such a proportion of the time, 


1 Wood costs, per cord, $5; common labor, per day, $3; salt, per pound, 3 cents; 
quicksilver, per pound, 65 cents. 
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that the actual costs are probably considerably greater than they would be if 
the mill were constantly working up to its full capacity. In effect, the mill 
purchases the ore of the mine for eighty per cent. of its value, less $40 or $45 
per ton, the stipulated price for working, making its return in cash or bullion 
without any statement of the yield actually obtained. 

The following is a statement concerning the first-class ore produced by 
the Savage mine during the year ending July 1, 1868, and treated at this 


mill: 
Tons 
Quantity of ore delivered from the mine.......-.-.-- © ioe ea ee ee 2a FEMS 
Less moisture, amounting to 6,9; per cent., leaving. ......-----.------ 258,500, 
Assay value of the ore, per ton—gold.......-.....---.------- $123 66 
Assay value of the ore, per ton—silver .........-----.-.--+-- 325 74 
$449 40 
Proportion of POlGem MMe OLE Er CCMbs sa5 oss... sess ee cos aS ene ee 
Proportion of silver in the ore, per cent.--....---.-.-- BD ARAL A 722, 
Motalsassay value—cold).. -2-<- 22... ..-2 22-2252 02 -2---: $34, 317 08 
Total assay value—silver.....-..----.-----.---+--+------ 90, 402 43 
—— $124,719 51 
Return of bullion, equal to 80 per cent....-..-....----..--.--+------- 99,775 59 
Oe Per (OMe. ae ese es ete as a Sas cap dois ee ea See 359 52 
IPLICe? Pale lOLs wollen Wet LOM. aloes Start Vy tease eles Salle wo et 2 41 87 
Similar statement for year ending July 1, 1869. 
Tous 
Quantiby ot ore delevered trom the mine.) *-. 2). --.-.--.-----+-.--+--- 68,420, 
Less moisture, amounting to 5,8, per cent.....-..------.-.------------- 645% 
Assay value of the ore, per ton—gold...........--- ..--.----- $73 69 
Assay value of the ore, per ton—silver......-...-..-.2-------- 201 78 
$275 47 
Proportion amy the/oreom eold. per €ent. 25. 2-62-43 5ec0 en - 2 ca tm 26. 7 
Proportion ii bHeVOLe On stlwer Pel COMG. areal) 4.2 eile ae 2 2 43. 
Total assay value of the ore—gold..........-- arse eet $5, 026 36 
Total assay value of the ore—silver...-...-.---.----------- 13,763 72 
—— $18,790 08 
Return of bullion; equal to $0 per cent....-----------+----+----------- 15, 028 33 
Or per ton ...-..--- ---- +--+ +2 202-2 ee ee ee eee eee 220 32 


Price paid for oreo [SE ROA et rae A ee aE ee ene eee Sete 43 12 
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SrererELDT’s Furnace.—The most expensive item in the cost of work- 
ing first-class ores by the method just described is the roasting and chlorid- 
izing operation. This alone is generally estimated at $15 per ton of ore, 
though it is sometimes less. Any efficient method of obtaining the same 
results at a less cost is greatly to be desired, since there are many mining 
districts, not only in Nevada, but throughout our silver-producing regions, 
the development of which is hindered by the want of cheaper metallurgical 
processes. 

Within the past year a new furnace, devised and introduced by Mr. C. 
A. Stetefeldt, of Austin, has been put in operation near Virginia, and, judging 
by the experience thus far obtained, it promises results that will be of great 
importance to our silver mining districts. It is reported that one of these 
furnaces is about to be built for the Manhattan Company, in Austin, a region 
where, as will be shown further on, cheap roasting is very much to be desired. 
A brief description of the Stetefeldt furnace is given im the following para- 
graphs. 

This is designed as a desulphurizing and chloridizing furnace. Its oper- 
ation consists essentially in allowing the very finely pulverized ore, mixed with 
salt, to fall against a current of hot air that rises in a shaft, during which fall 
the fine particles of sulphureted metals are decomposed, forming metallic 
oxides, sulphurous and sulphuric acid. The latter attacking the salt, chlorine 
is liberated, which combines with the oxides of the metals, or acts upon the 
still undecomposed particles of sulphuret, thus producing the metallic chlorides. 

The chemical action is in most respects the same as that which takes 
place in the reverberatory roasting furnace, but as the ore falls im a finely divided 
condition, or shower of particles, each atom is exposed more freely to the op- 
eration of the heat and the oxidizing and chloridizing agents; their effect is 
more rapid and complete while the amount of manual labor required is very 
much less than in the reverberatory. The furnace was invented several years 
since and an experimental one was built at the mine of the Twin River Com- 
pany, in Ophir Canon, Nevada; but although affording results that were in 
most respects satisfactory, it was not then brought into continued use. During 
the past year another, designed for regular and permanent operation, was 
built at Reno, near Virginia, and employed in roasting ores brought from 
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Humboldt County. This furnace consists of a shaft something over 20 feet 
high and from 3 to 4 feet square. At the base of the shaft, on two opposite 
sides, are fire-places from each of which a short flue leads to the main shaft. 
At the top of the shaft is the feeding machmery, which supplies the finely 
pulverized ore in a continuous stream. Just below the top of the shaft is a 
flue through which the gases escape, and leading from the furnace to a series of 
dust chambers, in which the heated current may deposit that portion of the fine 
material which it carried upward with it. An auxiliary fireplace in this flue 
serves to sustain the heat and prolong the oxidizing and chloridizing operation. 
A discharge door is at the bottom of the main shaft, whence the bulk of the 
material that has been acted upon is withdrawn; and similar doors are 
placed at convenient points along the main flue and in the dust chambers. The 
main stack, for the final escape of the gases, is at the end of the dust cham- 
bers and is about 40 feet high. | 

In the regular operation of the furnace the ore is mixed with salt 
on the drying floor and then crushed under stamps. The screens used in the 
crushing battery are No. 40. It is then raised by an elevator to the top of the 
furnace and deposited in the hopper of the feeding machine, whence it is sup- 
plied continuously to the furnace. The heat in the shaft is maintained as 
uniformly as possible, and at a sufficiently high degree to keep the ore, which 
-accumulates at the bottom, red hot. From time to time this ore is discharged 
through the doors at the base of the shaft and in the flue, or canal, leading to 
the dust chamber. 

It is claimed by Mr. Stetefeldt, as a result of actual experience at Reno, 
that this furnace performs a more efficient chloridizing roasting, with far less 
cost for labor, fuel, and salt than is the case with the reverberatory furnaces. It 
is said that about ninety per cent. of the silver contained in the ore is chlo- 
ridized. One Stetefeldt furnace, operated by 8 men, accomplishes the treat- 
ment of 20 tons of ore, which would require 10 reverberatory furnaces and the 
labor of 36 men. The fuel thus far used in the furnace at Reno averages 
about two cords per day, and may roast at that rate of consumption the same 


quantity of ore which would require the consumption of ten cords in a rever- 
batory furnace. The salt used in the Stetefeldt furnace varies from three to 
six per cent., according to the richness of the ore, while in the reverbera- 


oT2 MINING INDUSTRY. 


tory furnaces about twice that quantity is expended; the principal cause of 
difference being that in the shaft-furnace the salt is more thoroughly utilized, 
every particle accomplishing its purpose. 

It is also claimed by Mr. Stetefeldt that the bullion produced from ore 
yoasted in this furnace is of a higher quality than where the reverberatory is 
employed, owing to the decomposition of the chlorides of the base metals. 
These chlorides are formed in the shaft-furnace but are again decomposed in 
the presence of steam derived from the burning fuel, thus forming hydrochloric 
acid and the oxides of the metals. The roasted pulp accordingly contains much 
less of the chloridized base metal than it would if the ore were roasted in a 
reverberatory. In this respect it is held that the furnace is admirably adapted 
to the treatment of base ores. 3 

The cost of roasting per ton, thus far, at Reno, is said by Mr. Stetefeldt 
to be between $6 and $7, which may be reduced by projected improvements 
and by working the furnace at full capacity. 


i le i ee 


—rws 


CHAPTER V. 
CHEMISTRY OF THE WASHOE PROCESS. 


BY ARNOLD HAGUE. 


MINERALOGICAL CHARACTER OF THE ORE—CHEMICAL ACTION OF MERCURY AND 
OTHER REAGENTS—PAN EXPERIMENTS—CHEMISTRY OF THE PROCESS. 


‘The adaptation of the amalgamation process to the reduction of argentifer- 
ous ores depends to such an extent upon their character that in considering its 
application to Washoe it is necessary, as far as possible, to understand the true 
nature of the varied mineral ingredients that constitute the ore of the Com- 
stock vein. 

A large number of mineral species have been found in the vein during 
the course of its development; very many of them, however, are extremely 
rare, while others only have been observed near the surface, or within very 
limited areas. 

A discussion of its mineralogical features will be found in another chap- 
ter; it is only desirable here to consider such minerals as are everywhere 
scattered through the body of quartz, and are present in sufficient quantities 
to materially affect the question of the amalgamation of the associated gold and sil- 
ver. ‘The average ore as it comes from the mines presents to the eyea mass of 
nearly white, brittle, crumbling quartz, ranging insize from fine dust to pieces that 
weigh several pounds; occurring with it are small fragments of wall-rock and 
clay, that impart a somewhat grayish tinge. An inspection of the ore piles at 
the different mines and mills generally shows the presence of iron and copper 
pyrites. Except in first-class ore, which is always roasted before being sent 


to the amalgamating pan, it requires a somewhat closer examination to detect 
well-defined specimens of other minerals, so finely are they disseminated 
through the entire mass. A more careful search, however, will generally de- 
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velop the presence of blende, galena, and argentite; more rarely, polybasite 
and stephanite. 

Samples of finely crushed ores were subjected to a microscopical exami- 
nation. ‘The following minerals were observed: quartz, small cubes and par- 
ticles of iron and copper pyrites, flakes of blende, and thin pieces of a dark 
lead-gray mineral, which were determined to be argentite. 

In order to determine the chemical and mineralogical composition of the 
ore more accurately, samples of carefully chosen first and third-class rock were 
subjected to a thorough analysis. The first-class came from the Savage mine, 
and was taken from a lot of ore that had been crushed at Dall’s mill. Its 
assay yalue was $489 22. The third-class ore came from the Kentuck mine; 
it was obtained at the mill from the troughs immediately after leaving the bat- 
teries, in the same manner as the mill samples are ordinarily taken. The ma- 
terial used was selected from 300 or 400 pounds of crushed rock, collected at 
intervals during a day’s run of twenty-four hours. Its assay value was $43 74. 

The results of both analyses were as follows: No. 1, Savage ore; No. 
2, Kentuck ore: 


SI Cr ate tr scese erie Fee \ GNP eure us Ue Ge ety 83.05 91.49 


ANT, ss 3 eo 8 ee So 1.25 1.13 
Protoxide lof irons) ) 4) 3) eee ee I.95 +83 
Iquitos Cf MAMNSAMESS Ss 5 bp = a 5 o « 64 
Lime She PARE) ane hie te rae aie Seen Dae eae an «85 1.42 
Magnesia. 6% G0 22 fe Ree ag) ae rk | SB 2.82 EeS7 
Potashvand'sodayus) 2) ss) 0201s 1.28 I.05 
Sulphide of zinc . ae I.75 5g) 
Sulphidevotpleadgic2 =" a=, a) ae kee ee 30 .02 
Sulphidejonisiiver 2) 5) (20a. eh eis) lend eee I.08 12 
Subsollphidevof (coppersla nein nee 30 o4I 
Gold: toc) ae hg oie, Ve eee, cae ecu .02 .OOL7 
Bisulphidevousirony- a ee r.80 .92 
| Moisture: E> OEE Me NeR! ee a EL Dee he) saree a 2.33 59 
100.38 99.48 


* The writer is indebted to Mr. William G. Mixter for the analysis of the sample from 
the Savage mine. 
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No arsenic or antimony was detected in either case, not even after sub- 
jecting considerable quantities to Marsh’s test. It is, therefore, inferred that 
stephanite and polybasite were both absent. It was found impossible to sep- 
arate the native silver, if any was present, from that existing as argentite; of 
_the former none was observed, but the latter could be recognized under a 
glass: it is, therefore, all calculated as sulphide of silver. The sulphur ob- 
tained has been combined with the zinc as blende, with lead as galena, with 
silver as argentite, with copper as subsulphide, and the remainder with iron as 
bisulphide. The iron still remaining has been estimated as protoxide. It was 
found impossible to separate the metallic iron, coming from the stamps of the 
batteries, from the sesquioxide of iron, occurring in the rock and clay material 
of the vein. The substances found in both analyses are the same, with the ex- 
ception of there being no manganese in the sample from the Kentuck mine, 
the differences being only the variable proportions of the same minerals. If 
in the two analyses we reject the gangue and such matter as can have no other 
influence upon the extraction of the precious metals than a physical one, by 
affecting the mechanical conditions in the grinding of the ore, or the consist- 
ency of the pulp, and consider only those ingredients that may influence the 
chemical conditions during the operation in the pan, we have the following: 


Protoxide of iron - 
Bisulphide of iron 


Subsulphide of copper - - 


Sulphide of zinc - 
Sulphide of lead - 
Sulphide of silver - 
Gold - 


Cuemican Action or Mercury AND OTHER Reacents.—The ore of the 
Comstock vein may be regarded as composed of the following: 
Gangue, quartz. 
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Metal-bearing minerals of common occurrence: blende, galena, argentite, 
silver, gold, iron pyrites, copper pyrites. 

Minerals of much more rare occurrence: stephanite, polybasite. 

The following experiments were undertaken to ascertain, as far as possi- 
ble, the action upon the minerals of the Comstock ores, just enumerated, of 
mercury, and such chemical agents as are employed in the amalgamation pro- 
cess, or may be formed during the operation in the pan. 

Mercury and native silver, when rubbed together, unite easily. 

Mercury and chloride of silver, the latter prepared in the wet way, when 
brought in contact, form amalgam and chloride of mercury. 

Mercury and argentite: The mineral was first pulverized and mixed 
with a little fine sand, the metal added, and the mass allowed to stand for some 
time; occasionally rubbed together in a mortar. Amalgamation ensued; it 
was, however, imperfect, much of the mineral being unacted upor. 

Mercury with stephanite and polybasite, under the same conditions as the 
last experiment, gave similar results; the decomposition, however, appeared to 
be more complete, probably owing to the more finely dee state of these 
minerals than the more sectile argentite. 

The above experiments with native silver, chloride of silver, argentite, 
and polybasite, were repeated with mercury containing a small quantity of 
copper-amalgam in solution. In the case of the two former there was the 
same action as when the pure metal was used; with the two latter the decom- 
position was more perfect and satisfactory. 

Chloride of silver, argentite, and stephanite were each subjected to the 
action of mercury and fine metallic iron, with a constant application of 
heat. The energy displayed by the mercury was much more marked than 
when employed separately. In the case of the chloride, the decomposition 
was quite rapid, and the surface of the metal remained bright and clean. 

Chloride of copper and pulverized argentite were allowed to stand 
together for ten days, in the cold, with an occasional application of heat, at 
the end of which time, a small quantity of chloride of silver was formed. A 
trace of sulphuric acid was found in the filtrate. 

Two grammes of the pulverized mineral were also treated with a mod- 
erately concentrated solution of chloride of copper placed in a bottle, with a 
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tightly-fitting stopper, to prevent access of air. It was exposed for twenty- 
four hours to a temperature of 90° centigrade. Sulphuric acid and sub- 
chloride of copper were found in the solution. Chloride of silver was pre- 
cipitated. After removing the soluble salts, by washing, the chloride of sil- 
ver was dissolved out, by digesting it with ammonia. The residue gave, by 
assay, .099 grammes of silver. Two grammes of the mineral produced .1705 
of pure metal; showing that, under the most favorable conditions, but little 
over one-half of the silver was chloridized. The application of heat greatly 
facilitated the decomposition. 

Polybasite, after being subjected to the chloride of copper solution, at 
the ordinary temperature of air, also yielded a small quantity of the chlorid- 
ized silver. 

Argentite was exposed to the same treatment, with sub-chloride of cop- 
per, as in the last experiments. In the cold, decomposition ensued after stand- 
ing several days. The residue from two grammes of the mineral, subjected 
to the action of heat at 90° centigrade, without access of air, gave .1655 
of a gramme of silver, showing that only .006 had been chloridized. 

Galena, in a pulverized condition, was digested with a strong mixture of 
salt and sulphate of copper, and after standing three or four weeks, at the 
ordinary temperature, was filtered. The residue exhibited, besides the unde- 
composed mineral, a light green oxychloride of copper, and a large quantity 
of sulphate of lead incrusting the galena. 

Blende was also subjected to a similar treatment. The solution wag 
found to contain a considerable quantity of oxide of zinc, and but little cop- 
per. The residual blende was coated with the same oxychloride of copper 
already noted in the case of the galena. 

Two grammes of the powdered mineral were placed in a flask, a solu- 
tion of five grammes of salt and seven of sulphate of copper added, and ex- 
posed for two days to a temperature of 90° centigrade. After remaining 
three days longer in the cold the amount of oxide of zinc found to have 
been dissolved was .2785 of a gramme. The same experiment was repeated 
with the addition of one gramme of iron filings. The latter rapidly disap- 
peared; metallic copper was precipitated, but was redissolved, probably by 
the chloride of copper present, the sub-chloride being produced. Later, 
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the iron was thrown down as a basic salt. The oxide of zine estimated 
in the solution was .3250 of a gramme. 

Iron and copper pyrites are but slightly altered by the copper solutions. 
In practical operations at the mill they are found in the tailings without 
showing any appreciable signs of having been attacked. 

It will be observed in the above experiments that the argentiferous sul- 
phurets were always more or less chloridized by the action of the copper 
salts. 

In order to indicate more clearly the relative amount of decomposition 
produced by the two chlorides of copper, the results are here brought together 
as follows: Two grammes of argentite gave .1705 grammesof silver. After 
treating two grammes of the mineral with chloride of copper, the residue 
gave .099 grammes of silver; after treating two grammes of the mineral 
with sub-chloride, the residue gave .1653 grammes of silver: showing that in 
the former 58.0 per cent., and in the latter, 2.9 per cent. was chloridized. 
No sulphide of copper was detected in any of the residues examined ; sulphu- 
ric acid, however, was found in the filtrate in several instances. 

Pan ExpERIMENTS.—With a view to determine, if possible, some of the 
problems involved in the action of mercury, common salt, and sulphate of 
copper, employed in the decomposition of the Comstock ores by the Washoe 
process, the experiments’ described in the following pages were undertaken 
upon two lots of ore, whose composition was well known. 

It was necessary, in order to make the investigations of any practical 
value, that the material should be treated.in such a manner as.to imitate as 
closely as possible the operations carried out on a large scale at the mills, and 
at the same time to be able to repeat precisely the same conditions as often 
as desired, and to know the exact results of each trial. 

Of the ores used, one was a lot of first-class rock from the Savage mine, such 
as is ordinarily sent, on account of its high value and large amount of base 
metals, to Dall’s Mill, for reduction by the barrel-process, as described in a 


‘These experiments were conducted at the Sheffield Laboratory of Yale College. 
The assistance of Mr. Ellsworth Daggett was obtained, and to his experience in the 


mechanical details of milling operations, much of the credit in carrying out the work 
is due. 
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previous chapter. The second lot consisted of several hundred pounds of 
third-class ore from the Kentuck mine, presented, for the purposes of the work, 
by the Kentuck Mining Company. This low-grade ore was selected as being 
well adapted for pan amalgamation; easily reduced, containing but little base 
metal, and the rock from which it was taken yielding very favorable results at 
the mill. Both ores were carefully and thoroughly sampled, and passed 
through a fine sieve in order that they might be well mixed. Repeated assays 
were made until they had as uniform a composition as it was possible to 
obtain. After which, to prevent any settling of the heavier particles, both 
lots were put up in bags, in quantities of 10 and 15 pounds each; from sev- 
eral of these parcels assays were made, and the results found to agree. The 
Savage ore assayed, gold, $134 35; silver, $354 87; total, $489 22 per 
ton. The Kentuck ore assayed, gold, $10 85; silver, $32 89; total, 
$43 74 per ton. The results of the chemical analyses of both samples are 
given above. 

A small amalgamating pan, such as is used in California for the purpose 
of experimenting upon new ores, was procured. It was made by Mr. Wheeler 
as a test pan, and in all its essential features was similar to thela rger ones of 
his manufacture, employed in milling operations. It was 18 inches in diam- 
eter, and capable of working 20 pounds ata charge. A wooden tub, 3 feet 
in diameter, 18 inches deep, and provided with four wooden arms, connected 
with and revolved by an upright shaft in the center, served to keep the pulp 
in constant motion, and answered all the requirements of a settler or an agi- 
tator. A room with steam power was secured and a mill upon a small 
scale set up, which supplied all the necessary conditions of a larger establish- 
ment. 

The manner of conducting the operations was the same in every case; the 
ore was first placed in the pan, the muller set in motion, water added to bring 
the pulp to the proper consistency, and steam admitted to a chamber below. 
As soon as the pulp was thoroughly heated, the salt, sulphate of copper, or such 
other chemical agents as were employed, after being carefully weighed, were 
thrown in. The mercury was immediately added, in a fine condition, being 
strained through buckskin. Care was always taken to maintain the pulp at 
the proper degree of consistency, and to preserve a constant heat, which was 
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frequently tested by means of a thermometer plunged into the pan. A tem- 
perature of 185° Fahr. was found to act most advantageously. The pan worked 
well; the grinding action was perfectly satisfactory; the ore being kept in a 
constant and rapid circulation, and the mercury finely disseminated through 
the entire mass. The muller made 118 revolutions per minute. 

The operation concluded, the pulp was drawn off into the settler, the pan 
thoroughly washed out, or “cleaned up,” and every particle of amalgam re- 
moved. 

An additional quantity of mercury was placed in the settler, and water 
poured in until it was about half full. The stirrers made 30 revolutions per 
minute. ‘The pulp was withdrawn at the end of four hours. The water, and 
the very lightest material, was allowed to escape, but the great bulk of sand 
and mercury was collected together in buckets and separated by hand, to avoid 
all loss. In washing, the tailings were made to fall upon a slightly inclined 
table, or trough, so that, if by any accident, mercury went over it could be 
easily recovered. 

The quicksilver after being washed free from sand was strained through 
buckskin, and the amalgam collected for retorting. The difference in weight 
between the mercury used in the pan and settler and that which remained at 
the conclusion of a charge, after adding the amount retained in the bullion, 
was, in most cases, scarcely appreciable. Owing to the well-known property 
of mercury to retain a small portion of silver in solution, which the ordinary 
pressure used in separating the bullion fails to recover, the precaution was 
taken to have it all previously primed or charged before adding it to the pan. 
This was accomplished by allowing the mercury and metallic silver to stand in 
contact for some time, and then straining off the amalgam formed. 

The amalgam obtained from each experiment was weighed and put sep- 
arately in small sheet-iron cups. The number of each charge being stamped 
plainly on the iron, several of them were then placed together, on the bottom 
of a small cast-iron retort, and the mercury distilled over. After the retort 
had cooled down the remaining bullion was taken out and accurately weighed. 
Careful assays of each lot were made, and always conducted with proofs, and 
the metals separated by nitric acid in the usual way. — 7 
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From the amount and fineness of the bullion the actual value of the gold 
and silver obtained from each charge is determined. 

For the purposes of comparison it was considered desirable to maintain, 
as far as practicable, the same conditions in each trial; for this reason, there 
is very little variety in the treatment with chemical agents, or the duration 
of the operations. The relative amounts of salt and sulphate of copper em- 
ployed have in every case been the same; one-half the quantity by weight of 
the latter to that of the former. 

A large excess of mercury and reagents were used in order to point out 
any marked differences in the results, and at the same time to obtain the 
greatest possible yield of the precious metals, without regard to the purity of 
the bullion, or the practical advantage of the method. 

The results are given in the accompanying tables; they are recorded pre- 
cisely as they occurred, although there are in some instances apparent errors. 
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Notes accompanying the experiments upon the Kentuck ore. 


Nos. 1 to 20. Fifteen pounds of mercury added to the settler. 

Nos. 21 to 23. ‘Ten pounds of mercury added to the settler. 

No. 3. No reason is known for the low yield both of gold and silver; the 
amalgam looked well, and the fineness was very high. 

Nos. 8, 9, 10. These charges gave a higher gold return than any of the 
assays of the ore. No sufficient explanation can be assigned for the fact. The 
assays of the bullion were carefully repeated with the same results. Charge 
No. 10 shows the greatest difference between the assay and the yield, in which 
case it is less than fourteen mills’ worth of gold in excess of the amount as- 
sumed from the assay to be present. This excess may probably be accounted 
for by errors in the manipulation that the ore was subjected to during the 
treatment in the pan and settler. It is possible that the mercury when 
strained yielded a trifle more gold than usual. The fact is worthy of mention 
that all the charges that show an excess of gold, with the exception of No. 
20, follow each other consecutively. 

Nos. 17, 18. The sub-chloride of copper was added in a solution of salt. 
The quantity of copper was equivalent to the amount contained in one ounce of 
the sulphate of that metal. : 

No. 23. The quantity of copper corresponded to two ounces of the sul 
phate of the metal. | 


Notes accompanying the Experiments upon the Savage ore. 


Nos, 1 to 7. Fifteen pounds of mercury added to the settler. 

Nos. 8 to 12. ‘Ten pounds of mercury added to the settler. 

No. 4. The pan by mistake ran six hours instead of five. 

No. 5. No cause could be assigned for the low return of bullion. 

Nos. 6, 7. The solution of sub-chloride of copper was the same as em- 
ployed with Nos. 17 and 18 of the Kentuck ore. 

Nos. 11, 12. The solution of sub-chloride of copper was the same as 
employed with No. 23 of the Kentuck ore. 

It must be admitted that the results obtained in the above experiments 
are not, in all respects, satisfactory, nor do they point out conclusively the ac- 
tion and value of salt and sulphate of copper in the decomposition of the ar- 
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gentiferous ores by the Washoe process. They throw some light, however, 
upon several important points. 

In considering the results, as shown in the tables, the most marked fea- 
ture is the difference in the yield of the gold and silver bullion extracted from 
the two ores relative to their assay value. 

There is, with but one exception, in every trial of the Kentuck rock a 
higher yield than the requirements of the mines demand of the mills, and, in 
most cases, it is very much larger than is usually returned under the most 
favorable circumstances, in practical operation. This is probably owing, in a 
great measure, to the large amount of mercury employed in proportion to the 
quantity of ore. 

The Kentuck also gave as favorable results where mercury alone was 
used as when chemical agents were added. This proves very decidedly the 
ability of quicksilver aided by heat and iron to decompose the purer and 
easily reducible argentiferous minerals. 

With the Savage ore it may be observed that the yield is in all cases not 
only very much below that from the Kentuck, but lower than the average re- 
turns from the mills upon ores that are not first subjected to a roasting pro- 
cess. This is undoubtedly due to the large percentage of blende and galena 
present, with which the precious metals are in combination. The use of chem- 
ical agents shows a decided improvement in the production of bullion from 
such ores as contain large quantities of base metals. The application of salt 
and sulphate of copper did not increase the loss of mercury, although in many 
charges large quantities were present in the pulp. In the experiments con- 
ducted, with every possible precaution to repeat the precise conditions of a 
charge, using the same quantities of salt, sulphate of copper, and mercury, the 
results differ as widely as in those cases where the amount of chemical agents 
employed are much less, or entirely abandoned. The cause of these great dif- 
ferences in the yield of bullion must be sought elsewhere than in the varying 
amounts of the chemical agents used, however important they may be, in cer- 
_ tain cases, in aiding and assisting decomposition. A favorable yield undoubt- 
edly depends more upon the native condition of the mercury than ae 


that is usually added to the pulp. 
Charges 8, 9, 10, 11, of the Savage table, ran only four hours, which may 
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in some degree account for the low yield. Charge 12 ran five hours 
with a somewhat higher result. It should be stated that the mercury of 
charges 11 and 12 appeared to contain a small amount of lead, which 
may have rendered it partially inactive. Charges 21, 22, and 23, of 
the Kentuck table, were discharged at the end of four hours, without any 
marked decrease in the production of bullion. It seems probable that in the 
case of the latter the minerals are all easily reduced, and the amalgama- 
tion is practically accomplished in the allotted space of time. In the case of 
the Savage ore the base metals are but slightly attacked by the mercury, and 
require more time for any chemical changes before amalgamation can take 
place. There is considerable resemblance between Nos. 3 and 4 of the 
Savage table, with a large excess of salt and sulphate of copper, and Nos. 
6 and 7 with a solution of the sub-chloride of copper. The reason may be 
found in the fact that in the former the chloride of copper formed would be 
quickly reduced by the iron to the state of the sub-chloride, and similar condi- 
tions produced as in the case of the latter. 

CHEMISTRY OF THE Process.—The action and value of common salt 
and sulphate of copper in the amalgamation of argentiferous ores, by what is 
known as the patio process, has always been a somewhat disputed question. 
Numerous theories have been advanced by metallurgists of long practical 
experience in Mexico, to account for the reduction of the sulphide of silver 
by the methods adopted in that country. ‘The two which have obtained the 
most prominence, and which chemists have received with most favor, differ 
very widely in the manner the decomposition is supposed to be accomplished. 

The most plausible theory, and the one now generally adopted, is that of 
Sonnenschmidt. He claims that the’ salt and sulphate of copper react upon 
each other, and produce sulphate of soda, which is neutral in its action, and 
chloride of copper. This latter salt then acts upon the argentiferous sulphide, 
and yields chloride of silver, sub-chloride of copper, and free sulphur. The 
sub-chloride reduces a second portion of the sulphide of silver, and causes 
the formation of an additional amount of the silver chloride, and sub-sulphide 
of copper. The silver salt is then attacked by the mercury; calomel, or sub- 
chloride of mercury, is produced, while metallic silver is set free, which com- 
bines with a second portion of the mercury, as amalgam. 
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The following chemical equations show the reactions : 
NaCl + CuOSO; = NaOSO; + CuCl 
2 CuCl + AgS = AgCl + Cu,Cl +S 
Cu,Cl + AgS = AgCl + Cu, S 
AgCl + Hg = AgHg + Hg,Cl. 

Bowring, an English metallurgist, on the other hand, denies that any of 
sulphide of silver is chloridized, and asserts that before amalgamation takes 
place, metallic silver is first produced. He claims that chloride of copper, in 
contact with mercury, forms the sub-chloride of both metals. The sub-chloride 
of copper, in contact with the oxygen of air, is converted into an oxychloride, 
which, in turn, acts upon the sulphide of silver, and liberates the metal in a 
free state, by oxidizing the combined sulphur. These reactions are expressed 
as follows : 

2 CuCl + 2 He — Cu,Cl + He,Cl 
Cu,Cl + O = CuCl CuO 
3 (CuCl CuO) + AgS = Ag + SO, + 3 Cu,Cl. 

Although oxychloride of copper may possibly be found at times, there 
does not appear to be any decided evidence that such is the case in practical 
operations, or that it decomposes the sulphide of silver, while the experiments 
already recorded show conclusively that both the chlorides of copper, under 
favorable circumstances, do chloridize the argentiferous sulphurets. The 
experiments, however, would seem to indicate that the action of the chloride 
of copper was much more intense than that of the sub-chloride. 

The application and modification of the amalgamation process, as prac- 
ticed in Washoe, has occasioned among experienced mill-men great doubt as 
to the beneficial results derived from the use of any chemical agents, at pres- 
ent mixed with the ore. This doubt is occasioned, or at least strengthened, 
by the growing custom of late years of decreasing the quantity of salt and 
sulphate of copper added to the charge, without apparently diminishing the 
product of bullion. Many amalgamators now abstain from the use of both 
reagents; others add a small quantity of the sulphate of copper, but no salt ; 
in a few instances, the custom is to throw in only a little of the latter, while 
in many mills the rule is to employ a small amount of both substances, 
owing to a slight prejudice against the abandonment of “chemicals” altogether. 

The action exerted by these two reagents in the pan would appear 
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clearly to indicate that the benefits derived from their use are partly to aid 
in converting the sulphide into chloride of silver, as in the patio, and 
partly to decompose such minerals as are but slightly attacked by the mer- 
cury. In the Washoe process, however, the large quantity of iron present 
must tend greatly to produce sub-chloride of copper almost as soon as the 
chemical agents are thrown into the pulp. 

Notwithstanding the importance of common salt and sulphate of copper 
in the patio, and, under certain conditions in the pan, their value must be 
considered as only secondary in the decomposition of a large proportion of 
the Comstock ores. The advantages derived from their use are shown to 
be exerted chiefly upon such minerals as blende and galena, which are but 
slightly attacked by the mercury. But the amounts employed are in most 
cases too small to effect; any very favorable results. On the other hand, if a 
sufficiently large proportion of the reagents are consumed in the pulp, in 
order to produce the beneficial returns, it is always at the expense of pre- 
serving the necessary purity of the mercury. 

The quantity of salt deemed necessary by mill-men varies from one 
quarter of a pound up to seven or eight pounds per ton; scarcely any two 
establishments have the same rule. Its action upon the ore, without sulphate 
of copper, in producing any marked results may well be doubted. 

The consumption of the sulphate of copper also depends upon the ideas 
of the amalgamators, but the amounts do not differ so widely as in the case 
of the chloride of sodium. It ranges from one quarter of a pound to three 
pounds per ton. 

The addition of the sulphate, without salt, is of late years a common prac- 
tice. The opinion among those who work their ore in this way is that it gives 
a little better yield than when mercury alone is employed, particularly where 
the ore indicates the presence of galena in any considerable amount, in which 
case it is said to quicken the mercury and render it more energetic. 

Continued experience appears to determine this fact with a considerable 
degree of certainty. In working ores containing only a small percentage of 
lead the quicksilver very soon becomes dull and inactive, or, as it is techni- 
cally termed, it sickens, and the yield from the pan is consequently low. Lead 
is one of the most deleterious metals in destroying the amalgamating energy 
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of mercury, and at the same time is very rapidly absorbed when the two metals 
are brought into contact. Sulphate of copper possesses, to a certain extent, 
the property of expelling lead from mercury, copper being amalgamated and sul- 
phate of lead formed at the expense of the sulphuric acid of the copper salt. 

If a concentrated solution of sulphate of copper be allowed to stand upon 
lead-amalgam the action takes place quite rapidly, mercury containing lead act- 
ing much more energetically upon the copper solution than when perfectly pure. 

This salt, however, does not appear, under any circumstances, to possess 
the power of completely driving out the lead. 

Another advantage derived from the addition of a small quantity of the 
sulphate of copper is that mercury, under certain conditions, when exposed to 
the solution, forms a minute amount of copper-amalgam, which causes the 
metal to act with a somewhat greater intensity in the decomposition of the sil- 
ver sulphide than when perfectly pure. 

Tron, as a reducing agent, in the pan process, probably plays an important 
part in bringing about the favorable results obtained. This may occur in three 
ways: 

First. It aids, in a great measure, the decomposition of the chloride ot 
silver. 

Secondly. It reduces the calomel formed during the operation; the chlorine, 
combining with the iron, goes into solution, and the heavy metal is liberated. 
In this way it not only prevents a chemical loss of mercury but also serves to 
keep the surface of that metal bright and clean, which otherwise might be 
coated with a thin film of sub-chloride, which would greatly destroy its activity. 

Thirdly. It undoubtedly assists directly in the amalgamation, where the two 
metals are brought into close contact with the easily reducible sulphurets. The 
successful and continued operations in Washoe, without the aid of any other 
chemical agents, sufficiently prove this statement. The experiments already 
cited in treating argentite and iron filings with mercury confirm the fact. 

Humboldt, in speaking of the amalgamation problem in Mexico, draws 
attention to this point and remarks upon the rapidity with which amalgama- 
tion was secured when the two metals were triturated together with argentite. 
This action of iron is obtained not only from the constant agitation maintained, 
which brings the pulp and metal in contact with the sides and bottom of the 
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pan, but also from the amount of iron disseminated, in a fine condition, through 
the ore, produced by the wear of the stamps, shoes, and dies. 

This consumption of metal from the batteries and pans varies very much 
in the different mills, depending partly upon the details of construction and 
grinding effects of the pans and partly upon the hardness of the castings em- 
ployed. The following figures from two mills serve to show the quantity of 
iron reaching the pulp from this source, per ton of ore worked. ‘The quantity 
of ore treated is sufficiently large to afford a very fair estimate of the metal con- 


sumed: 


Loss of iron in batteries.| Loss of iron in pans. 
Tons of ore worked. Total. 
(Pounds per ton of ore.) | (Pounds per ton of ore.) 


I4, 000 2.78 9.42 12.20 
I2, 236 Pettey - 7.14 2 Ope 


The fine iron coming to the ore in this way is very considerable in pro- 
portion to the other minerals present. If ten pounds per ton are added from 
this source it is equal to one-half of one per cent. In the Kentuck ore, of 
which an analysis has been given, there is, including the iron from the bat- 
teries, less than two and one-half per cent. of ore-bearing minerals present. 

Mercury and iron, under the proper conditions, undoubtedly are the principal 
agents in the extraction of the precious metals by the Washoe method. The 
results depend, however, in a great measure, upon the mechanical treatments 
employed to reduce the ore to an exceedingly fine state of division, and to 
maintain, with the proper degree of consistency, a constant agitation of the en- 
tire mass; the essential conditions of the amalgamation being that the mer- 
cury should be thoroughly incorporated in the pulp, and every particle of the 
reducible minerals brought in direct contact and triturated with the metal, in 
the manner so well accomplished by the friction and grinding action of the pan. 
The mercury should also at all times retain a bright, clean surface, free from 
any film of metallic salts, such as sub-chloride of mercury or sulphate of lead, 
and any coating of oil or grease. The slightest tarnish appears to retard very 
greatly the activity of the metal. The iron seems to act as an electro-chemi- 
cal agent; the immediate contact of the two metals, aided by heat and fric- 
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tion, causing a local electric current, which renders the amalgamating energy 
of the mercury much more intense. 

Mercury, when perfectly pure, does not apparently possess to so great an 
extent the power of taking up other metals, or of decomposing mineral com- 
binations, as when it holds a minute quantity of some foreign metal in solution. 
The experience among amalgamators in Mexico is that the yield of gold is in- 
creased by the presence of silver; also, that the latter metal is extracted with 
greater facility if a considerable proportion of the amalgam is already present. 
This opinion is held by most mill-men in Washoe. 

It is stated by some writers upon the question that silver is absorbed 
with increased activity when copper is employed, and as the former is amal- 
gamated the latter will be expelled. Both iron and copper cause the forma- 
tion of copper-amalgam. On the other hand sulphate of copper exhibits a 
tendency to drive out lead. 

Karsten mentions the property of this salt to purify the mercury from 
both zine and antimony. Any one who has witnessed the intensity which 
sodium-amalgam exerts cannot fail to have been impressed with the rapidity 
with which it attacks gold, silver, and silver compounds ; yet its application in 
Washoe in practical operations did not give such results as would warrant its 
general introduction in the process. 

Although the presence of a small quantity of several metallic bodies en- 
hances the amalgamating energy of the mercury, yet a slight excess “sickens” 
it; that is, it loses its fluidity and becomes dull and inactive. The peculiar 
phenomena attending the mercury, by which both electro-positive and electro- 
negative metals are absorbed, and the effects which they produce in increasing 
or neutralizing its action, are very little understood. 

The loss in quicksilver during the operation arises from two sources; the 
one mechanical, the other chemical. The former depends largely upon the 
manner in which the final washing from the pulp is conducted; the separa- 
tion being more or less perfect according to the skill and care with which it 
is executed. A considerable quantity of the metal, however, is so cut up and 
ground to such a fine state of division that it is impossible to save it. The 
chemical loss is occasioned by the formation of the chlorides of mercury, 
which escape with the tailings. 
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In the patio the chemical loss is frequently very considerable; the 
amounts of common salt and magistral employed are large, while, at the same 
time, there is no reducing agent present to act upon the calomel formed, as is 
the case in the pan. In the patio the loss is said to increase in proportion to 
the richness of the ore in the sulphurets of silver, owing to the fact that for 
every atom of chloride of silver reduced by the mercury a corresponding atom 
of the latter metal is consumed as sub-chloride. 

In the Washoe process the chemical loss would seem to be small in pro- ~ 
portion to the entire consumption. This is probably due to the beneficial ef- 
fects of the iron, which combines with the chlorine of the calomel, setting the 
quicksilver free. 

The more the metal is ground the more it must be cut up, and the greater 
the difficulty in recovering it. Now, if the consumption of iron is assumed to 
measure the grinding effect exerted by the pan, the relation between the loss 
of mercury and that of iron should be, in a certain degree, proportional. 

The following table, compiled from the results of several mills, furnishes 
some interesting details in regard to the loss of mercury : 

Part 1 shows that the loss of mercury is independent of the consump- 
tion of chemical agents. 

Part 2 shows that the loss of mercury is, in some measure, dependent 
upon the consumption of the iron of the pan. 


I 2. 
RAO Are Pounds per ton of ore. Pounds per ton of ore. 
Sulphate of Sulphuri : 
Salt. Per ie i a at Mercury Iron Mercury. 
copper. acid. 
5, 400 es 0.33 0.18 I.54 9.42 1.54 
8, 605 ays 1.74 0.31 1.39 9.79 1.38 
4, 713 0.23 I.52 suis 1.34 9-39 1.38 
35, 000 9.00 3.00 ans 1.33 7.50 1.33 


7,523 sree r.38 aes -79 7.14 I.00 | 
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The following is the result of an analysis of some artificial crystals of 
Washoe amalgam: 


MeKcuniee sete mcs anne. ae ct. LOSS hea 75.04. 
SSHINTGTS wstowc meee eter ice a en i cela ed 94.18 
SONG cacy op etee tic eet ieee ieee en ees ee ee een ees NG 


They have the composition very closely of three atoms of mercury to 
one of silver. 

From the foregoing considerations of the principal features of the Washoe 
process it appears— 

That the ore consists chiefly of native gold, native silver, and argen- 
tiferous sulphurets, associated with varying proportions of blende and galena. 

That the action of chloride of sodium and sulphate of copper in the pan 
produces chloride of copper. 

That the presence of metallic iron necessarily causes the formation of the 
sub-chloride of copper. 

That both the chlorides of copper assist in the reduction of the ore by 
chloridizing the sulphurets of silver, and in decomposing the sulphurets of 
lead and zine. 

That sulphate of copper enhances the amalgamating energy of mercury, 
by causing the formation of a small quantity of copper-amalgam. It also tends 
to expel the lead. 

That notwithstanding the importance of chemical agents, as above indi- 
cated, the quantities added to the pulp in the ordinary practice of Washoe 
mills are too small to effect any very beneficial results. 

That mercury and iron, aided by heat and friction, are the principal 
agents in the extraction of the precious metals by the Washoe process. 

That the essential conditions in the amalgamation of the gold and silver 
are that the mercury be kept perfectly bright and pure, in order to produce a 
direct contact of that metal with the iron and sulphide of silver. 

That the consumption of mercury in the Washoe process may be con- 
sidered chiefly a mechanical, and, only to a limited extent, a chemical, loss. 
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Se ClO E: 
MINING AND MILLING IN WESTERN NEVADA, 


The discovery and early development of the Comstock lode in 1859 and 
1860 gave a fresh impulse to the spirit of exploration throughout Nevada, and 
this was soon followed by the announcement of new silver-producing regions. 
In 1861 the mining districts, first opened in Humboldt County, about 150 
miles northeast of Virginia City, attracted great attention, and a year later the 
Reese River discoveries succeeded these, creating still greater excitement. 
From these points, as centers, small exploring parties radiated in almost every 
direction, and each succeeding year witnessed the discovery of one or more 
new mining districts. “Since that time nearly every mountain range in the 
State has undergone either much or little examination at the hands of the 
prospector. Regions, until lately, almost totally unknown have become 
familiar, while others that were so remote from the business centers of the 
Pacific coast as to be practically inaccessible for industrial pursuits have now 
been brought into comparatively easy communication with either coast by the 
completion of the Pacific railroad; and although the day for new and impor- 
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tant discoveries of mineral wealth has by no means passed, as the late devel- 
opments at White Pine and in Southern Nevada plainly show, a fair idea of the 
general features and resources of the State has been obtained. 

Many of the newly discovered districts that were at first deemed most 
important have since proved to be bitter disappointments ; others, though found 
to contain many productive veins and deposits of great value, must await 
cheaper labor and materials in order to be worked profitably ; but a sufficient 
number have been successfully developed to establish the fact that the State 
possesses in its mineral veins the broad and substantial basis of a permanent 
mining industry. 

It will not be attempted in this chapter to give a description of all the 
mining districts that have been organized in the State and sufficiently devel- 
oped to make them well worthy of attention. The late reports of J. Ross 
Browne, esq., United States Commissioner of Mining Statistics, and his suc- 
cessor, R. W. Raymond, esq., cover much of the ground and furnish in their 
descriptions a great deal of information concerning many of them. The 
writer prefers to confine himself to some account of the more important and 
most developed localities to which he was able to give his personal attention, 
and even in so doing, to endeavor, by describing typical mines, the extent 
and method of their development, and the processes employed for the 
treatment of their ores, to convey a general idea of the condition of the 
mining industry, rather than to make especial mention of every mine or 
mining district that might be considered worthy of it. 

The main features of the topography and geology of the State have been 
already briefly referred to in a foregoing chapter; in which, also, the position 
of the principal mining regions and their relations to each other have been 
somewhat noticed. In this chapter the several districts described will be 
taken up in nearly the order in which they might be visited by one crossing 
the State from west to east. 

The western part of the State, north of the Washoe region, contains 
some mining districts that have attracted attention from time to time, but 
which, so far as development er the production of valuable metals are con- 
cerned, have not yet attained much importance. An example of this class is 
the Peavine district, about 30 miles northwest from Virginia City, and seven 
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or eight in the same direction from Reno, on the railroad, in which some 
veins of copper ore have been opened in metamorphic rocks, and prospected 
to a depth of 40 or 50 feet. The surface ore consists chiefly of oxides and 
carbonates, with some sulphurets of copper. It is slightly argentiferous. 
The region has been lying neglected for several years, but its proximity to 
the railroad may make it an available source cf copper should future explora- 
tion encourage further development. . 

Montezuma Mrnr.—Passing over these localities, that are yet of minor 
importance, we come to the Trinity Mountains, which have been the scene 
of some extensive and interesting mining and metallurgical operations. This 
range of mountains is on the west bank of the Humboldt River, which here 
runs in a southerly direction. The principal mine is the Montezuma, the 
_owners of which have expended a large sum of money in the development 
of their property, and in the construction of metallurgical works for the treat- 
ment of their ores. 

These operations were chiefly conducted under the direction of Mr. A. 
W. Nason, to whom the writer is indebted for much of the information here 
given concerning them. 

The Montezuma ledge, chiefly owned and for some time worked by the 
Trinity and Sacramento Mining Company, is situated in the eastern foot- 
hills of the Trinity range. The mine is about three miles west, a little north- 
erly, from Oreana, a station on the Central Pacific Railroad, 262 miles from 
Sacramento, and the location of the company’s smelting works. _The ledge 
is in a low hill, the ridge of which is nearly parallel to the trend of the main 
range and separated from it by a shallow longitudinal valley, having nearly a 
north-northeasterly and south-southwesterly course. The course of the ledge 
crosses the trend of the hill diagonally, being north 88° east, true. It dips to 
the northward with an inclination of 40 or 45 degrees. 

The inclosing rock of the vein may be generally described as porphyry, 
though it is probably closely related to, if not identical with, the granitic rocks 
that occur higher up in the range. This granite is overlaid by limestones 
and slates, which sedimentary beds are found also not very remote from the 
Montezuma. The vein was discovered by means of an outcrop of the ore on 
the western slope of the hill referred to, and a pit or excavation was sunk on 
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the vein at that point, from which a considerable quantity of good ore was 
taken. At the date of the writer’s visit it had been explored by a cut along 
the course of the vein from west to east, partly open and partly in tunnel, 
having a continuous length of about 170 feet, and being about 30 feet below 
the surface at its deepest part; while below the level of the cut, and starting 
from it, a shaft had been sunk, measuring on the plane of the vein 120 feet 
in depth. Beyond the cut, along the course of the lode, are several other 
disconnected pits extending the general explorations of the vein over a length 
of 500 or 600 feet. The total length of the company’s claim is 2,000 feet. 

The outcrop of the vein, as exposed in the long cut, had a width in places 
of 20 feet, averaging, perhaps, from the surface to the level of the cut, about 
10 feet. Below the cut, in the shaft, the average width was about 6 feet be- 
tween the walls. Along the cut the ore is said to have formed a solid mass, 
almost entirely filling the space between the two walls; and the sections ex- 
posed at the time referred to accorded with that statement, the vein being 
filled with ore, variable in quality but almost entirely free from gangue, and 
nearly all fit to send to the furnace without assortment. The cut at that time 
was not deep enough to give a clear exhibition of either wall, unaltered by 
surface influences. The hanging wall is covered by an accumulation of loose 
earth and soil several feet in thickness, and below this the wall-rock itself is de- 
composed and doubtless considerably changed from its original character. 
Between the wall-rock and the vein on the hanging side is a seam of soft white 
clay, eight inches or a foot in thickness. On the foot-wall below the vein 
there is a soft, white, brecciated mass, clayey in character, but penetrating the 
country-rock, as if the mass of the latter in the neighborhood of the vein had 
been thoroughly changed. Further south, on the surface, are found deposits 
of ore and vein-material, indicating the existence of seams or branches of the 
vein in the foot-wall. 

In the shaft, which is 120 feet deep, measured from the level of the cut 
on the inclination of the vein, the walls are well defined. The vein is about 
six feet wide. For 60 feet of the depth above named the shaft passed through 
ore, filling the vein from wall to wall. Below that point the walls of the vein 
_ continued as above, but the inclosed material was found to consist chiefly of 
gangue with little or no ore. Developments up to that period indicated that 
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the shaft had passed through the lower limit of the ore-chimney. At the 
point where the vein ceased to be ore-bearing in the shaft, a drift was subse- 
quently run westward some 80 or 100 feet, which was reported as being in 
good ore for the whole distance. 

The ore is of a peculiar character. It consists chiefly of the oxides 
of lead and antimony, carrying a small percentage of silver, averaging, by 
assay, about $80 per ton. The ore, as it now exists, is evidently the © 
result of decomposition or alteration of other and more familiar forms 
of silver-bearing, antimonial ores. It is sometimes hard, massive, and com- 
pact in character, while the larger proportion is friable, showing a fibrous 
structure, apparently the form of its pre-existing condition. The harder 
variety is usually next the hanging wall and needs blasting, while the other 
kind, lying on the foot-wall, may be removed without the aid of powder. The 
former is said to be the richer. An analysis of a piece of this ore, made by 
Mr. William G. Mixter, assistant at the Sheffield Laboratory, Yale College, gave 
the following results: 


Js TTD GRGIG TSG b- Ae 2ak oe neo enone erneeeenrc race: 51.94. 
(uctde ai diate Eo) fale se oes eee Sh a en ae een en i nial 40.89 
PSHNIGi, WANG A ee SS Seee dBc BeBe ee eee ae 33 
SEsqMioxtdes Ole MhOM eMC, Osa oes Sues eal a as elec ors na Pe ciaie nln soo .60 
GOIN mEsiGlvienecce ss apse robes tne Seep ceUnCheCEeeee ere» Capeeee ase 1.66 
VEN fe) Dae DOE et Sic ES yc ie Se Be a ca a a oe 4.58 

100.00 


The above composition, together with the physical characteristics of the 
ore, identify it with bindheimite, a mineral described by Dana, occurring 
in Cornwall, Siberia, and other localities, and derived from the mineral 
jamesonite by decomposition. A few fragments of undecomposed mineral, 
strongly resembling jamesonite, were found by the writer in the ore at Oreana. 

Thus far the extraction of the ore has been a simple process of quarrying in 
the open cut, and has been done very cheaply. It is said to cost not more than $2 
or $2.50 per ton for extraction; mining, and hauling to the furnace, costing, in the 
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aggregate, $4 or $4 50 per ton. Little or no expense for timber has been in- 
curred and no hoisting machinery employed so far. The mine is quite dry, as 
is the surrounding country, all the water required for domestic purposes being 
brought from the river, three miles away. This is but little, as five men at the 
mine were able to supply the furnace, of 12 or 15 tons capacity, with ore, and 
the teams employed in hauling ore were accustomed to carry back sufficient 
water on their return trips. 

The superintendent of the works, Mr. Nason, estimated the supply of ore 
in the mine at 10,000 tons, the estimate being based on the length of lode 
exposed at the surface and the average depth assumed from that in the 
shaft. At the date of the writer's visit the ascertained facts concerning the 
continuance in depth of the ore-body were not sufficient to place this estimate 
beyond question, but the developments thus far made indicated the existence 
of a large supply. a 

In the neighborhood of the Montezuma, within the district known as 
Arabia, are a number of other ledges carrying ore like that just described, but 
lower in value and less in quantity. The locations made on these ledges are 
numerous, and considerable work has been done on some of them, showing 
that they occur in series parallel to each other but quite small individually, 
many seeming to pinch out altogether in depth. Their general course is dif- 
ferent from that of the Montezuma, being north and south, or nearly so. 3 

The ledge that has been most developed and seems to promise most 
favorably, next to the Montezuma, is the Jersey, which hasa northerly course, 
and if both veins are continuous, should intersect the Montezuma at no 
great distance from the workings on the latter. It has been traced for several _ 
hundred feet on the surface and explored by inclines to the depth of 100 feet. 
Its ore has not thus far been as rich as that of the Montezuma, but it is believed 
that it can be worked with profit, especially with the increased advantages se- 
cured by the Pacific railroad, which passes within two or three miles of the 
property. 

Montezuma Furnaces.—The Trinity and Sacramento Company prose- 
cuted their mining and metallurgical operations very vigorously during two or 
three years previous to the autumn of 1868. The mine was openedas already de- 


scribed, and a large amount of money was expended in providing smelting works 
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for the reduction of the ore and extraction of silver. This establishment had 
hardly been completed and entered upon the regular performance of its work to 
the full extent of its capacity, when the company, already deeply involved in 
litigation, became embarrassed financially and their work was suspended ;' 
although it appears from the accounts of the mine that, up to the time re- 
ferred to, the average yield of the ore was largely in excess of the costs of 
mining and smelting. 

The method of treatment of the ores, at the time when the work was in 
active progress and before the completion of the Pacific railroad, presents 
some novelties, and is worthy of a somewhat detailed description, notwith- 
standing the fact that a portion of it is no longer in use. _ 

In the early history of the enterprise a ten-stamp mill, furnished with 
three grinding and amalgamating pans, was provided with the intention of 
treating the ores by the ordinary Washoe method; but as this was soon found to 
be quite unsuited to the character of the ore it was abandoned, and furnaces for 
smelting and refining were constructed. This process consisted of smelting 
the ore in a shaft-furnace, by which means crude metal was obtained, amount- 
ing to 45 or 50 per cent. of the charge of ore, and consisting of lead, antimony, 
and silver; the last named being contained to the value of $160 or $200 to 
the ton of metal. The metal was then subjected to treatment in a calcining, or 
sublimation, furnace, by which means the antimony was removed, and the lead 
consequently enriched by concentration, until it contained from $300 to $400 per 
ton in silver. From this lead the silver was then extracted by cupellation in an 
English cupel-furnace. Among the products of the sublimation-furnace was 
an alloy of lead and antimony, marketable in San Francisco at a remunerative 
price for the production of type-metal. The accompanying plates, illustrating 
the construction of the furnaces and their general arrangement, were prepared 
from drawings made by Mr. Sydney Tuttle, assistant superintendent of the 
works, and kindly placed at the disposal of the writer. 

The shaft-furnace, employed for the smelting of the crude ore, is shown 
by Figs. 1, 2, 8, and 4, on Plate XXV. Figs. 1 and 2 show a front and side 


1 According to newspaper reports the mine and smelting furnaces were again in 
operation in August, 1870. — 
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elevation; Fig. 3 a horizontal section through A B; and Fig. 4, a vertical 
section through C' D of Fig. 1. The total height of the furnace is about 40 
feet. The hearth is built of stone, cut from trachytic rock that occurs a few 
miles south of the works. The shaft is of common brick with a lining of fire- 
brick from the hearth up to the throat. 

In the drawings, £ is the hearth, or sole; F, the sump, or receiver, into 
which the metal runs on being tapped from the furnace; ¢, tuyeres; g, blast- 
pipes; A, pipes to supply water to the tuyeres; J, lining of the furnace; J, 
throat; JV, floor for feeding ore; S, stack. 

The capacity of one of these furnaces is from 12 to 13 tons per day of 
twenty-four hours. The ore being broken into small pieces is spread upon the 
charging floor and mixed with flux. This sometimes consists of limestone, 
but generally of slag, or both together. Litharge, the product of the cupelling 
furnace, is also sometimes used with fresh ore. The ore for the charge, being 
mixed with about 25 per cent. of flux, is supplied to the furnace with a sufficient 
quantity of charcoal, that averages about 15 bushels to the ton of ore. About 
100 pounds of the mixed charge and coal is fed to the furnace at once, the sup- 
ply being continuously kept up as the operation of smelting proceeds. The 
blast is supplied by a fan-blower which is driven by the steam-engine for- 
merly provided for operating the stamping and grinding machinery in the old 
mill. 

When the furnace is in regular operation the slag is discharged contin- 
uously, while the metal is tapped off, at intervals of an hour or two, into an iron 
receiver, whence it is dipped out and cast in pigs or ingots of convenient size 
for further handling. 

The yield of metal, consisting of lead, antimony, and silver, is from 45 to 
50 per cent. of the ore smelted; one furnace smelting 12 tons of ore in a day, 
supplying consequently about 5 tons of crude metal. The ore, originally con- 
taining $80 per ton in silver, yields metal which contains from $150 to $200 
per ton. The slags are constantly examined. Usually they are quite poor, 
but if found to contain an available percentage of metal are broken up and 
returned to the furnace with a fresh charge of ore. 


The consumption of charcoal in this smelting process is usually about 15 


Plate XXV_ 


caste 
= Me 


i Gear 
Hen 


CENTRAL AND EASTERN NEVADA. 303 


bushels to the ton, but sometimes exceeds that quantity. It is made from the 
nut-pine, and is brought chiefly from what is locally known as the East Hum- 
boldt Range, 28 or 30 miles distant from the works. It costs, on an average, 
50 cents per bushel, Its quality is considered to be excellent. There are 
limited supplies of the nut-pine nearer to the works, furnishing small quantities 
of charcoal, but in the more remote range, above mentioned, the supply is rep- 
resented as quite sufficient for a long time, at the present rate of consumption. 

There are two blast-furnaces, like that just described, one of them being 
held in reserve for any emergency by which the other may be disabled. One fur- 
nace in steady operation could fully supply the refining furnaces that were in 
use at the time of the writer's visit. 

The refining or calcining furnace for the sublimation of the antimony 
contained in the crude metal, and the consequent improvement of the lead, 
consists at these works of a bath, or cast-iron pan, about 13 feet long by 5 
feet 8 inches wide and 8 inches deep, the metal being an inch thick. The 
pan is set in brick-work, the construction of which is shown by an 
elevation, a plan, and transverse sections on Plate XXV, Figures 5, 6, 7, and 
8. Fig. 5 isaside elevation; Fig. 6, a horizontal section through E F of 
Fig 5; Figs. 7 and 8, transverse sections through A 6 and C' D of Fig. 5. 

The pan rests on a substantial foundation and is inclosed by side-walls, 
of common bricks, about 10 inches high, over which an arch is tured, as 
shown in the section. A narrow space is left between the pan and the inclos- 
ing masonry to allow for expansion. At one end of the structure is a fire- 
place and ash-pit; the flame passes over a bridge, which separates the fire- 
place from the pan, and thus over the surface of the metal contained in the 
pan, toward the stack at the opposite end. There is a horizontal channel 
passing through the bridge, behind the pan, opening at the sides of the fur- 
nace and communicating by vertical passages with the interior, by which 
means air may be admitted to the charge. Doors are provided in the side of 
the furnace for the purpose of skimming off a crust, or scum, consisting of 
lead and antimony, that collects on the surface while the operation of calcin- 
ing is in progress. The charge is also introduced through these doors. 
There is a tap near the end of the pan on one side, for the purpose of draw- 


304. MINING INDUSTRY. 


ing off the refined metal. At the base of the stack is a chamber for the col- 
lection of the oxidized antimony that may condense in the stack and fall to 
the bottom. The whole structure is firmly bound together by irons and bolts, 
as shown in the drawings. In the figures, Gis the fireplace; A, the ash pit; 
f, the bridge; J, the air-channel through the bridge; K, the pan; L, the 
spout; MW, the openings for putting in and working the charge; JV, the 
doors; O, the chamber at base of stack for the accumulation of the oxidized 
antimony. 

To set this furnace in operation the metal may be first melted and intro- 
duced in a fused state to the pan; or, what is more common, the pan is 
heated to redness and the pigs of crude metal are laid upon the pan-bottom, 
when melting ensues. The fire may be quite moderate, the only fuel used 
in this case being sage brush. The antimony is oxidized and passes up the 
stack, a part to escape, a part condensing in the chimney. The charge of 
the pan at the outset is some six or eight tons, but as the molten metal, 
diminishes in bulk by the sublimation of the antimony, new bars are added 
to keep up the supply. A scum collects on the surface of the molten metal 
which is removed by scrapers from time to time. ‘This consists chiefly of 
lead and antimony with very little silver. While this refining process was 
still practiced at the works, these skimmings were collected, re-melted, and 
cast in bars, to be sold in San Francisco for type-metal, Babbitt-metal and 
other purposes. The alloy consisted of 71 per cent. of antimony with 29 


per cent. of lead and was worth 8 cents per pound. 


The lead in the pan is gradually enriched by this method of concen- © 


tration, and assays are taken from time to time, usually at intervals of twelve 
hours, for the purpose of watching the progress of the operation. When the 
value of the lead has been brought up to about $350 or $400 per ton, it is 
drawn off in molds and then subjected to treatment in the cupel-furnace. 
The following series of assays, taken during the progress of one run of 


metal shows the gradual improvement of the lead: 


March 10, raw metal at time of charge, value per ton...-.....-.-..------- $209 68 
10, twelve hours later, value, per ton, of contents of bath... - - Sei. ei eee 214 04 
1) Vea eSver ere empere COs erg rakes 0: (eee eee dO. Saar e 219 44 
Ht EO ei ee Se COP sees do. 22052 Seeeede Oc 6 shee eee 238 93 
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March 12, twelve honrs later, value, per ton, of contents of bath..-.....---- $248 68 
Dee sras ora Gokshoss Ses She GOSS Biss Pee oe GOjan sce ese 253 60 
dS Pea et eg CON Arad paeete de. 3 HOE tae ests 3 GO eos 263 36 
ASE Savoie ale fee GO cies = pss Ok ss a5 eStore NOs as ese ats 273 12 
1/2Ls 4 ae ee GO rete ciesce co «sie (Oss seer seats Oe straw as 279 94 
1 Ves Seer yee a eae NS Ss eee eee COs ne pean OOS eat ate = aoa = 282 76 
Ree eee ao re MOE cia fare rca GO ee ese ete MO eee aon eee 287 58 
De oes. ee sos Os Fea es ae COs see ae dO es brake 292 56 
a nn, Ree eee GOS GS hate vieieve COWL Se se Ne eas Oa te 297 22 
NG epee 2 buts cos COREE ae chase MOpRe ste te 2: OOo eel ae ee 302 31 
ae ae se ee Oo ee oy eel GO Ssac ses sees ONS ae eras ares 311 68 
Ll ese eee Oss Abeer jets e Citas estos farsi 2 Oi 5 ceases a 321 82 
We, eit lay ee cacao Ose s eet ce Oe a2 akhiee se soe dOis. 2.2 3 shane Bae 336 44 
SRS Sachin oe CO ee Beat ve Oe ees SS (CIO e tie Te ieee 346 40 
QE ae Ass en oe ste doves 2a 5ai558 Gorse HN Sah: dots tse fest. 346 40 
1 eee OKO E Bee eeeyeeg oe Coe este aes: COE ps Seo eats 351 08 
7 le ee nae doe se sess 54. (0 a eee rere ae Gece! fc.a-siee 2 355 96 
Dy Page see aie tes Omen iy AO COPS 5 mame sees OO eee ee a ee 365 70 
5d Ue a ERE COE es tere 2 dO Ree kes ost xe Ol Mensa ees as 375 20 
7 ich BR og ER ema (BK) a Sa crane De ae (ODS) Lega GL ae te CLOpeR ee merse Aah 378 40 
hy Tee, ee Sa DOP a aoe ge ROR TA San Oa (BL) wie re ee 385 22 
Total quantity of crude metal charged 20.8 tons. Value..............-..-- 4,584 89 
Total quantity of refined metal tapped 11.9 tons. Value............-....-. 4,541 12 


Loss by sublimation and skimmings, 42.78 per cent. of total weight of crude 
metal. 
Loss in silver 0.97 per cent. of total value of silver contained in the metal. 

The calcining furnace in which the foregoing run was made was 10 feet 
long by 5 feet wide. The capacity of those subsequently introduced, and 
such as have been described in these pages, is said to be equal to the treat- 
ment of two tons of crude metal per day, yielding at the rate of about one 
ton of rich lead for twenty-four hours. There are four of these furnaces at 
the works. The pans were cast m San Francisco and brought over to 
Nevada at a large cost for freight. Much trouble was at first experienced 
owing to leaks in the pans, by defective casting, involving great expense and 
loss of time in taking them out for repairs, but they were ultimately brought 
into a very efficient condition. The cost of calcination is stated at $8 per ton 


of ore. 


39 
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The cupelling furnace is of the kind commonly used in England. Figs. 
9, 10, and 11 on Plate XXV show the method of its construction. Fig. 9 is 
a side elevation; Fig. 10, a horizontal section on the line A B of Fig. 9; 
and Fig. 11 is a vertical section on the line C D of Fig. 10. Fis the fire- 
place; G, the ash-pit; H, the bridge; J, the test-ring or hearth; J, the 
tuyere; £, k, supporting and adjusting screws for the test-ring; L, the flue 
leading to the stack, 17; NV, amelting pot or pan in which the metal may 
be prepared for the hearth. 

The hearth consists of bone-earth, prepared from the bones of cattle, 
which lie in profusion along the track of the old emigrant road, furnishing an 
abundant supply. The bones are burned and then pulverized in the stamp 
mill; and being moistened with water that contains a little alkali, leached 
from wood ashes, the mass is beaten compactly into the test-ring. This is 
oval in form, being 4 feet long by 3 feet wide. It isa rim of iron, 7 or 8 
inches deep, having bars across the bottom to sustain the hearth of bone- 
earth. The latter bemg prepared in the rim it is very carefully dried, and 
the ring is then introduced into the cupel-chamber, supported upon screws, 
by means of which it may be elevated or lowered, or inclined in one direc- 
tion or another. When properly adjusted, it is heated, very gently at first, in 
order to avoid cracking. ‘The heat from the fireplace, passes over the bridge 
into the cupel-chamber and thence by the flues to the stack. When the 
hearth is well heated the lead is placed upon it and a blast of air is introduced 
by means of a fan-blower and tuyere. This acting upon the surface of the lead, 
the metal is oxidized, and the resulting litharge is allowed to run off through 
gutters made for its passage, in the surface of the hearth, into vessels placed 
below for its reception. As the lead is gradually oxidized, fresh supplies of 
metal are introduced, either in the form of pigs, or in a molten state, the pan, 
IV, being provided for the purpose of fusing the metal, if desired. By this 
means the metal on the hearth is constantly enriched; and when the button 
of accumulated silver has become as large as may be desirable, the addi- 
tion of lead is discontinued and the oxidation carried on until the lead is 
nearly all removed, leaving a mass of silver, of a high degree of fineness, 
upon the hearth. The litharge produced by this operation contains some 
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silver. The richer portion is returned to the shaft-furnace and mixed with 
the charge of fresh ore. The cost of cupellation is stated at $5 per ton of 
ore. 

It is stated as a result of a long-continued operation that from 90 to 95 
per cent. of the assay value of the ore was extracted by the method of treat- 
ment above described. | 

The general cost of the reduction of the ore, at the date of the writer’s 
visit to the works, is given in the following statement. These expenses have 
been somewhat reduced since that time by the completion of the Central Pa- 
cific railroad, and consequent cheapening of supplies and labor. It may also 
be observed, in this connection, that the increased facilities of transportation 
from Oreana to San Francisco, secured by the completion of the railroad, in- 
duced the manager of the works to dispense with the refining process at Oreana 
some time before the total suspension of operations. ‘The ore was smelted in 
the shaft-furnace, as already described, for the production of crude metal, 
which was then shipped without refinement to San Francisco, where it was 
subjected to methods of separation or sold for export. 


Expenses of Smelting Furnace per day. 


_ Two Snide Metis) amide yvonne len sue rere ieisleeeis see == = $16 00 
Two breakers. .---- cad Sayan soeases dee ee Ane eee nee 7 50 
PNG AISEOISIES 4 Sac Coc ake cae bae oe te me ES Sem ne eset ee ee eee 8 00 
AN Otome tinveers oe Se otlec ce gene. (ba ee acne > ee See eee ae ee 8 00 
Fuel for engine—furnished on contract.. 5b Seen cee eae ‘Rae tee 16 00 
Chinaman—general eTnonGies) sade ate Gaeek el Ce 2 00 
(CiGWUGNE) GXIDSWISE sc se sos o2occ ocd soe canbe egeu sane taseasecaaaeaksouesn 2 00 
Smmeltitap lias Home pe GEG airy COSUING = a2 ese e= 2 ee eras nine ae - 59 50 
Cost of smelting, as given above, per ton---.----.-...... jo is foes 4 57 
Charcoal, 18 bushels per ton, at 50 cents per bushel..-.--...... 9 00 
JOMR NEO! WERE [DEI WOU. socec2 5 aege nee =e acoeesacasapsecenc sacs 50 
Witiomines: ernGl Ievaliie Foie WOMos sens pacescessssea08 Se 3eeesea55 Goons sac Ae ASO 
Superintendence and general account per ton....-...-----.---..---- 3 00 
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To this was at that time added— 
For calcining, per ton of ore.-.-.--- si. ens all, SE A Re eae ae £8 00 
For cupelling, per ton of ore...--..-----+---++-2eeeees retest e eee: 5 00 
Making total cost of treatment, per ton okore eae 34 57 


The average yield in silver alone, without taking into account the base 
metals, was then about $70 per ton of ore. 

The foregoing statement, showing a cost of $21 57 per ton for reduc- 
tion of the ore without refining the product, is the result of experience in 
1867, since which time important abatements have been made; but accept- 
ing that as an estimate for the present, we have as the cost of a ton of crude 
metal, $44, since the result of smelting more than 1,800 tons of ore shows 
a product of 983 pounds of metal per ton, or 49 per cent. Adding $30 per 
ton, freight to San Francisco, to the cost of production, we have $74 as the 
cost of laying down a ton of the metal at the market; against which we 


have the value of base mmetall pers touy 229 a5 esse es eee eee $100 00 
Silver—say 100 -oumeesyat lec es. nae a et eee 100 00 
Making a total of--.------ Bid Ne We Nae BP Anas oS gee ee 200 00 


UNIONVILLE AND vicinrty.—Northeast from Oreana, 28 miles distant by 
way of the traveled roads, is Unionville, the county town of Humboldt County, 
and the central point of an important mining district. The town is now acces- 
sible by wagon road from the station of the Central Pacific railroad known as 
Mill City, 296 miles from Sacramento. Unionville is 21 miles by stage road 
south of the station referred to. Itis situated in one of the canons of the east- 
ern slope of what is locally termed the West Humboldt range of mountains. 
This range, rismg in the south near the “sink,” or basin, of the Humboldt 
River, extends northerly to the “big bend” of that river, which there, cutting 
through a break in the range, makes a sharp turn in its westward course, 
~ and flows to the south, having the range of mountains referred to on the left, 
or east, bank and the Trinity mountains on the right, or west, bank. The 
higher points of the range reach an altitude of 5,000 or 6,000 feet above the 
river at its base, and over 10,000 feet above the level of the sea. Many of 
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its callons are well watered and its slopes bear a moderate supply of nut-pine 
and cedar, suitable for fuel. The mining region, of which Unionville is now 
the center, was the scene of great activity in the years first succeeding the 
advent of prospectors and miners into this part of the State. The discovery 
of silver-bearing lodes in these mountains was made not long after the earlier 
developments of the Comstock lode, and for a season was the occasion of 
great excitement. The range, for many miles of its length, was visited by 
explorers, who have left abundant evidence of their industry in immumerable 
prospecting holes that dot all the hillsides. Many mining districts were 
formed, thousands of locations made, towns built, and large amounts of 
money expended; and when the extravagant hopes of speculators or their 
victims met with the disappointment that was inevitable, nearly the entire 
population, only excepting a few who were determined to persevere and a few 
more who, for want of means to get away with, were forced to remain, deserted 
the country. The depressed condition of the mining interests of the region, 
that naturally followed this revulsion of feeling, prevailed until the approach 
of the Pacific railroad gave a fresh impulse to those districts lying within its 
influence, when the influx of men into the country, the easy communication 
with the markets, and the cheapening of supplies brought about a more 
hopeful state of affairs. In the neighborhood of Unionville some degree of 
mining activity has been kept up from the outset, and it is there that the 
industry of the West Humboldt range is now chiefly centered; while, within 
a year or two, other districts in the same range, and in the ranges further 
east, have been attracting increased attention, and are growing steadily in 
importance. 

For a more detailed description than will be given here of the several 
mining districts in this range and in Humboldt County generally, the reader 
isreferred to the report of R. W. Raymond, esq., United States Commissioner 
of Mining Statistics, who has noticed the more important localities at consid- 
erable length. ‘The writer will confine himself here to a few notes concern- 
ing some of the points that came under his personal observation. 

The general geological structure of the West Humboldt range will be 
more particularly described in another volume of this report. The rocks are 


chiefly metamorphic, consisting of highly siliceous porphyry or quartzite, 
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broken through in central portions by granite, and flanked by massive beds 
of fossiliferous limestone, slates, and calcareous shales. ‘These stratified or 
bedded rocks have a course generally east of north and west of south, dip- 
ping northwesterly at the northern, and southeasterly at the southern end of 
the range, the geological axis of upheaval not coinciding with the trend of 
the range. Veins of ore-bearing quartz occur in all of the metamorphic rocks, 
having variable course and dip, but those that have thus far appeared most 
important have been found in the limestones or bedded calcareous rocks, 
conformable with them in strike and dip. 

The oldest mining district in the county was organized in 1860, on the 
west slope of this range, under the name of Humboldt District, a little north 
of Star Peak, the highest point in the range, and but a few miles from where 
the Pacific railroad now passes. It was actively prospected for a time, when, 
owing to general discouragements, all work was suspended, and, at the time 
of the writer’s visit, nothing was in progress’ there. The eastern slope, on 
the opposite side of the range, has been the scene of much more enterprise 
in the development of the so-called Buena Vista, Star, and otlier districts. 
The first of these derives its name from Buena Vista cafion, in which the 
town of Unionville is located. This cafton, which, with its several branches 
in the higher portion of the range, is several miles in length, has been exten- 
sively prospected. Many veins have been opened, with more or less devel- 
opment, some of them, no doubt, having little or no value, others producing 
very good ore and possessing favorable indications of permanency. ‘The most 
of them, however, the good as well as the bad, have suffered from the general 
depression, and, since 1865, have been awaiting the return of confidence and 
capital to proceed with their development. 

The principal vein of this neighborhood, and the one on which mining 
operations have been prosecuted with the least interruption, is that known 
as the Manitiwoc and Arizona. The ground held under these claims has 
been persistently worked by Messrs. Fall and Temple, and, within a year 
or two past, their perseverance has been rewarded by very successful results. 
A portion of the property has been sold to the Silver Mining Company, 
and has also been developed to a considerable extent under the manage- 
ment of Mr. Samuel Stewart. These two companies work their ground at 
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present through one tunnel, and, in effect, as one and the same mine. The 
ledge, as it appears from the work already done upon it, is a seam or vein 
of quartz, from one to four feet thick, and sometimes thicker, inclosed 
in beds of calcareous shales or slates, that here form the crest of a ndge, 
which consists mainly of quartzite or porphyritic rock. The vein crops 
out along the hillside, and is apparently conformable with the bedding of the 
strata, which, in general, strike northeasterly or east of north, dipping flatly 
to the southeast; but the strike and dip of the rocks, at the point where the 
mine is opened, are very irregular, owing to disturbances or movements to 
which they have been subjected. Indeed the principal mining development 
of the ledge, visible in September, 1869, has been made near what appears 
to be the axis of a small synclinal fold in the beds, in which folding the vein 
or ledge takes part. One of the companies was then working on one side of 
the fold, its ore-bearing seam apparently striking north 30° west, true, and 
dipping south 30° west, at an angle of but few degrees near the surface, but 
increasing greatly in depth; while the other party was at work on the oppo- 
site side, where the strike of the seam was north 15° west, true, dipping 
easterly, or north 75° east, at an angle of 35°; that is, the ledge, in the two 
places referred to, showed two varying dips, in two nearly opposite and 
approaching directions. 

The casings of the vein, or ore-bearing stratum, are, for the greater part, 
very distinct, and are usually accompanied by a ‘‘gouge” or selvage of clay. 
The filling of the vein is chiefly quartz, carrying, distributed through it, par- 
ticles or bunches of rich mineral, consisting of black sulphuret of silver, 
argentiferous lead and copper ores, some chloride of silver, and native silver. 
Some of the ore is very rich, averaging by assay $400 or $500 per ton; the 
greater part of it has an assay value of $60 or $70 per ton. The average 
assay value of all the ore produced is stated at about $100 per ton. 

The workings of the two companies extend over several hundred feet 
along the outcrop of the vein, and have penetrated the hill by tunnels over 
400 feet in length. Hach company was working vigorously in the autumn of 
1869, when the mine was visited by the writer. About 45 or 50 men were 
employed altogether, being nearly equally divided between the two compa- 
nies. Hach company was then producing between 300 and 400 tons of ore 
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per month. This product is divided, by assortment, into two classes. The 
first consists of rich mineral, of which the average assay value is about $500 
per ton. This is put up in sacks and shipped to San Francisco, where it is 
worked by some of the local metallurgical establishments, or sold for export 
to England. In either case the realized product amounts to about 80 per 
cent. of the assay value. 

The second-class ore, having an average assay value of about $60 or $70 
per ton, is worked in mills, near the mine, by crushing under stamps and 
amalgamation in pans. The proportion of first-class to second-class ore is 
said to be about one ton in twelve or fourteen. Thus, in the month of Sep- 
tember, in which the average relation of the two classes is said to be fairly 
represented, the Silver Mining Company produced 300 tons of second-class, 
or crushing ore, and shipped to San Francisco 25 tons of first-class ore. 

There are three mills im the neighborhood working on the ores pro- 
duced from these mines. Two of them belong to Messrs. Fall and Tem- 
ple, or the company represented by them; the other, to the Silver Mining 
Company. They are situated near the mouth of Buena Vista Cafion, in the 
foot-hills of the range, just below the town of Unionville, and a mile and a 
half or two miles from the mine. One of Fall and Temple’s mills was 
built several years ago, and was in process of reconstruction when visited. 
It has a partly sufficient water-power; when rebuilt it will have ample steam- 
power, and be supplied with ten stamps of 650 pounds weight, two large 
Wheeler and Randall Excelsior pans, and one smaller Wheeler pan; besides 
the usual accompanying settlers, agitators, Kc. 

The new mill of Fall and Temple has ten stamps of 750 pounds weight, 
six pans, (four Varney and two Wheeler,) and three settlers, or separators. 
This mill is driven by steam. The Silver Mining Company’s mill has five 
stamps of 650 pounds weight, two Wheeler and Randall Excelsior pans, one 
Horn pan, and two settlers, or separators. The stamps in this mill crush 
about 10 tons of ore per day, working the pulp im the Wheeler and Randall 
pans, and reserving the Horn pan for the treatment of tailings. 

The ores in all these mills are worked in similar manner, the process 
generally resembling that in use at Washoe. They are crushed wet and 
amalgamated in pans without roasting. The ores, however, are not so docile 
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as those of the Comstock lode, and the method is consequently not so well 
adapted to their proper treatment. The yield from the first crushing and 
amalgamation is not believed to exceed 50 or, sometimes, 40 per cent. of the 
assay value; but the tailings are worked over, after standing a while, and a 
fair proportion of their value is extracted by a simple repetition of the pan 
process. The yield obtained from the raw ores during the past year has 
usually varied between $25 and $35 per ton; while the tailings, by rework- 
ing, yield from $20 to $30, and are even treated repeatedly with profitable 
results. 

The steam-mills here use sage brush as fuel during the summer, and 
find it cheaper than cordwood. The latter costs $12 per cord in this neigh- 
borhood. Chinese labor is employed in the mills in every department of the 
work, excepting in driving the engines. The Chinamen give great satisfac- 
tion. 

Detailed statements of the costs of mining and milling are not in posses- 
sion of the writer. It is stated, however, that the product of the second-class 
ore by the first.crushing and amalgamation is sufficient to pay all the costs 
of operation, leaving the first-class ore and tailings as profit. The Silver 
Mining Company, according to the statement of its manager, made a profit of 
$12,000 in the month of September, 1869. This latter company had been in 
producing condition but four or five months. Up to the 1st of October, 1869, 
the value of its bullion shipments, produced from second-class ores, amounted 
to $51,433 27; while the first-class ore shipped up to that date had given 
a net return of $27,352. 

The shipments of first-class ore by Fall and Temple from April 1 to - 
October, 1869, amounted to 89 tons, having an average assay value of $450, 
coin, and yielding a net return of 75 per cent. The bullion shipments 
derived from second-class ore amounted to about $150,000 in fourteen 
months, ending October 1, 1869. 

The two companies whose operations have just been referred to have 
of late been the most productive in the county of Humboldt. In the summer 
of 1869 there was but litle work in progress in the immediate vicinity of 
Unionville, except that which was connected with their mines and mills. 


There was, however, some activity in prospecting or developing other veins. 
40 
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Just above the town of Unionville, on the north side of the cafion, the Na- 
tional Ming Company was at work upon a lode bearing the same name, 
which has been opened along the surface for a considerable length and pros- 
pected to a depth of about 100 feet. The vein is said to yield a rich gold- 
bearing quartz. A small mill of four stamps was in process of construction, 
and nearly ready for operation in September, but had not, when visited, 
begun to crush rock. Trials of the quartz from this vein, made in other 
mills, promised successful results. 

Further up the cation the Seminole Tunnel Company was engaged in 
driving an adit into the mountain, with the view of cutting a series of ledges 
that had been opened on the surface, with some indications of value. 

West of Unionville, on the opposite or western slope of the range, there 
has been a large amount of prospecting work done in the various cafions, 
most of which was followed by discouraging results at the time of its per- 
formance, but which may yet be turned to good account under the increased 
advantages secured by the railroad. One enterprise of importance is the 
Alpha mine, in Panther, or Butte,-Cafton. The ledge on which this mine is 
located has been in course of development for several years, though the force 
employed in the work was very small, at least until lately. It is now owned 
by the Nevada Land and Mining Company, and is being more vigorously 
worked. It is easily accessible from the railroad, by which means the higher 
grade ore is now shipped to Reno and roasted by the Stetefeldt furnace, and 
subsequently amalgamated in pans. ‘The writer is not in possession of defi- 
nite information concerning the average value of the ore or the extent of the 
operations of the present company. . 

Star Disrrict.—Directly north of Unionville, also on the eastern slope 
of the range, is the Star district, once the scene of very lively prospecting and 
busy enterprise, that was soon followed by utter abandonment of the region. 
Star Cation has been explored from its mouth to the crest of the range, and 
many series of promising veins have been discovered. Among them is the 
celebrated Sheba mine, which made good its promise, it is said, to the extent 
of over $125,000, a single pocket or bonanza having yielded $75,000; but its 
visible resources having been exhausted without meeting the expectations of 
its speculative owners the work was suspended and has long been lying idle. 
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The rocks of the range cut through by this cafon consist of quartzite, 
limestone, shales, and slates, dipping with considerable uniformity to the 
westward, striking north and south or north a little easterly. Most of the 
important veins, though not without exceptions, conform with the country- 
rocks in course and dip. Such is the case with the Sheba vein just referred 
to, a deposit which les between a black rock of slaty structure as a hanging 
wall, and a bluish, probably calcareous, bed below. In places the ore-bear- 
ing ground has a great width, it is said 150 feet; but as the mine was inac- 
cessible to the writer, there was no opportunity to verify the statement. 

The same vein on the south side of the caiion is known as the De Soto. 
On this property the vem has been explored by tunnel for a length of 
about 600 feet, and to a depth, at the inner end, of 300 feet below the sur- 
face. In general, the lode varies from two or three to five feet in width. 
The hanging wall is well defined, smooth, and regular, generally underlaid 
by a foot or more of soft, clayey material, talcose in appearance. The filling 
of the vein or ore-deposit is chiefly made up of bluish limestone, somewhat 
argillaceous in appearance, very fragmentary in character, having all the 
seams and interstices filled up by quartz. These quartz-seams are sometimes 
large and continuous for considerable distances. The ore is associated with 
this quartz, and consists chiefly of rich silver minerals, antimonial sulphurets, 
fahlerz, &c. Galena and zincblende are associated with the ores. The assay 
value of the assorted ore is very high. The ore occurs in bodies, chimneys 
or bonanzas, and the vein contains long intervals of barren ground. This 
feature partly explains the history of the Sheba, the mine having been very 
productive while in bonanza, which, being exhausted, the patience of the 
stockholders was not sufficient to search persistently for more. 

The De Soto was first opened in 1861, since which time a considerable 
amount of work has been done upon it, but with long intervals of quiet. In 
the summer of 1867 five men were employed there, and the results of their 
labor were deemed very encouraging; but the work was soon after susRCae, 
and, so far as the writer of this is informed, still remains so. 

Star City, a town of considerable size and importance in the earlier days 
of its career, is situated in the neighborhood of these mines. It possesses a 


number of large buildings, stores, post office, express and telegraph stations. 
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One of its hotels is said to have cost $40,000. For the last few years the 
town has been almost entirely deserted. A mill of ten stamps and four 
reverberatory furnaces for roasting the ore was built long ago at the mouth of 
the cafion, but has lately been taken down and removed to Unionville, a por- 
tion of its material being used in reconstructing Mr. Fall’s mill. 

The next range of mountains occurring east of that in which Unionville 
is situated contains several districts, some of which have been extensively 
prospected, although not very persistently developed. ‘The principal point 
of operations has been in the neighborhood of Dun Glen, a small town or 
mining camp seven miles from Mill City, and about 25 miles from Unionville. 
The most notable mine in this locality is the Tallulah, working on two or 
three veins, and producing ore that is reported as very rich. Other compa- 
nies have also made developments that were regarded as very encouraging; 
but mining operations, during the last two or three years, have not been very 
actively prosecuted. In the summer of 1869 there were but few men at 
work in this region, though, later in the year, a mill, situated at Dun Glen 
and belonging to a New York company, resumed work, and a more vigorous 
development of the district was looked for. 

Gotp Run.—The Gold Run District lies upon the east side of the Gol- 
conda Mountains, the next range east of that last referred to. The center of 
operations is about 12 miles from the Pacific railroad. Its point of commu- 
nication with that road—a station known as Goleonda—is 341 miles from 
Sacramento. ‘This region was visited, in 1868, by Mr. Arnold Hague, from 
whose notes the following brief statement is obtained. 

The principal mines appear to be located upon one vein, occurring in a 
metamorphic, siliceous slate, which here forms the foot-hills of the mountain 
range. ‘The vein strikes due north and south, and is said to have been traced 
for a distance of more than three miles, extending southerly from the Gol- 
-conda mine to the Jefferson mine, where it is apparently divided, one branch 
striking southwest and the other southeast. The vein, in that part which is 
most developed, dips to the west at an angle of 30° degrees from the hori- 
zon. It is six or seven feet wide. At the time referred to the vein in the 
Golconda mine had been explored to the depth of 50 feet, and drifted upon, 
at that level, about 120 feet. So far as developed the vein appears to main- 
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tain uniformity in course, dip, and width, and in the character of its ore. 
The walls are well defined, and both foot and hanging walls are the same 
metamorphic slate. The ore is very much decomposed, and consists chiefly 
of oxidized products, containing a good deal of ‘base metal.” The silver 
occurs in the form of sulphuret. The vein rock is cut by seams of soft, white, 
clayey material, which carries finely disseminated silver sulphurets. 

The Golconda mine is one mile and a half north of the small town of 
Cumberland. A force of thirteen men was employed in this mine in the 
summer of 1868. ‘The company have a mill situated seven and a half miles 
north of the mine, which is furnished with eight stamps, five Varney pans, 
and eight Knox pans, used as settlers. The mill was then working about 
10 tons per day, of which the average yield was $35 per ton. 

The other mines had been less developed than the Golconda. The 
more prominent of these were the Cumberland, Register, and Jefferson. 
The last named, at the south end of the vein, near the “split,” has an incline, 
sunk to a depth of 65 feet on the vein. ‘The mill assay of eight tons of ore 
from this claim gave $48 per ton. | 

Bartite Mountain District.—This district, about 30 miles further east, 
is one that is rapidly growing in importance. It is south of the Humboldt 
River and near the railroad. The station of the same name, by which the 


mines of this region are made accessible from the road, is 379 miles from 


Sacramento. The district is about 12 miles long, in a north and south direc- 
tion, by something less in width. It lies on the west side of Reese River 
Valley, and in the eastern foot-hills of the Battle Mountain range. The river 
bed here is dry during a portion of the year. The mountain streams, in the 
neighborhood of the mines, furnish water enough for mining, milling, and 
domestic purposes, and, in some cases, for driving power. There is a fair 
supply of wood and timber, suitable for fuel and for use in the mines, in por- 
tions of the district and in the adjacent country. 

The principal mine in the neighborhood is the Little Giant, chiefly 
owned and worked by Mr. G. W. Fox. It is eight miles from the railroad 
station. 'The vein, on which this mine is opened, was first prospected in 
1867, and was developed by a small force until May, 1868, when the work 


was prosecuted with greater vigor. During the followmg summer a five- 
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stamp mill was erected, which, in the autumn, began to crush ore, affording 
very satisfactory results to the owners of the mine. 

The vein is inclosed in quartzite. It crops out and is opened upon or 
near the summit of Little Giant Hill. Its course is north 55° west, true, 
dipping to the southwest at an angle of 55°. It is from one to three feet 
wide, averaging about two feet. The gangue is chiefly quartz; this, when 
clear, is white and hard; but it is usually mtimately mixed with the ore, 
which, being decomposed, imparts to the whole mass a dull yellow color and 
a soft, crumbly texture. The ores near the surface are, apparently, much 
oxidized, the products of the decomposition of other sulphureted combina- 
tions of silver, associated, doubtless, with lead, antimony, and other base 
metals. In depth the ore is less changed, showing sulphureted and antimo- 
nial forms of silver-bearing minerals, which make their metallurgical treat- 
ment more difficult. 

On the western slope the vein has been opened on the surface, 300 or 
400 feet below the crest of the hill, and thence upward it has been stripped 
along its outcrop entirely across the summit of the hill and down on the east- 
ern slope at frequent intervals. The length of Mr. Fox’s claim is 1,400 feet, 
of which some 400 feet have been developed by means of three tunnels or 
adits. The upper tunnel, 130 feet long, is driven in on the vein from a point 
about 60 feet below the top of the hill; the second, 60 feet lower, measured 
on the incline of the vein, is about 100 feet long, and the third, 150 feet 
lower, is 230 feet long. All of these tunnels have shown a good vein, regu- 
lar in course and dip, and generally productive of good ore. Some of the 
ground has been stoped out, though by far the greater portion opened by this 
work was still available for future operations when visited in September, 1869. 

A portion of the ore produced, especially from the upper levels, was of 
a docile character, easily worked by pan amalgamation, although leaving rich 
tailings; while the other portion, less affected by the oxidizing influences of 
the surface, remained unworked, and ready for shipment or treatment by 
some other process. There were on hand, at the time above referred to, 
about 100 tons of ore of this class, of which the assay value varied between 
$100 and $1,000 per ton, averaging about $300. The ore selected for mill- 
ing is said to yield, on the average, $150 per ton, sometimes reaching a much 
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higher figure. The tailings assay about $50 per ton. The mill, which is 
placed near the mouth of the cation, a mile and a half below the mine, con- 
tains five stamps, each weighing 700 pounds, capable of crushing about 10 
tons per day in the aggregate. There are two Wheeler pans, working on 
freshly crushed ore, and one Horn pan, working on tailings. 'Ten men are 
employed in the mine, and eight in the mill. Labor costs $4 per day. The 
product of the mine, up to July 1, 1869, according to the returns of the 
county assessor, which include nothing for first-class ore awaiting treatment, 
nor anything derived from the working of tailings, amounted to nearly 
$70,000. 

The Little Giant vein has been traced, in both directions, beyond the 
claim of Mr. Fox, and there are locations made upon it by other parties, none 
of which, however, have yet been extensively developed. ‘There are, also, 
other veins in the immediate vicinity, which have been somewhat prospected, 
with encouraging results, having, it is said, much similarity, in general fea- 
tures, to the one just described. 

The southern part of the district, about eight miles from the Little 
Giant, has lately been the scene of active operations, chiefly in the develop- 
ment of copper-bearing ores, but also in the discovery and prospecting of 
veins that are rich in silver, and generally resemble the Little Giant in the 
character of their ores. The veins of copper have been known several years, 
but have only of late been regarded as very valuable. The copper occurs in 
the form of black and red oxide, with which is associated some native metal. 
It is found in ledges that are from two to six feet wide, and show strong indi- 
cations of permanency. The ore assays very high in metal, and is said to 
yield 40 per cent. in large quantities. Shipments of ore were made during 
the autumn to San Francisco, where it was purchased for export to England. 
The property is reported to have been sold lately at a large price; and, 
according to newspaper report, is now undergoing vigorous development 
with very satisfactory results. 

At Duck Creek a vein has been opened, resembling, in many respects, 
the Little Giant. ‘Trials of the ore had been made at Fox’s Mill, with en- 
couraging results, and development of the property was in progress at the 


time of the writer’s visit. 
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GEOLOGY OF THE TOYABE RANGE. 
BY Ss. F. EMMONS. 


GENERAL FEeatuRES.—The name Toyabe, which signifies in the Indian 
language ‘‘mountains,” has been appropriately applied to this great range, 
whose sharp, serrated ridge rises several thousand feet above the neigh- 
boring ranges which rib the surface of the great Nevada plateau. The view 
from its summits extends over more than four degrees of longitude, and is 
limited only by the White Pine and East Humboldt Mountains on the east 
and the Sierra Nevadas on the west, whose forms and outlines can be traced 
with the utmost distinctness in the dry, thin air of these elevated regions. 
Snow rests upon its higher points until late in the summer, and, with the 
verdure which accompanies it, forms a most pleasing contrast to the somber 
hues that prevail over the mountains of this arid region. Rising nearly 
6,000 feet above the broad valleys which border it on either side, its height 
is rendered still more imposing by its limited lateral extent, its average width 
from foot to foot being scarcely eight miles in a horizontal lme; contrasted 
with the steep slopes of its sides, the valleys, although very considerably 
inclined toward their center, seem almost level ground. 

The present geological sketch and accompanying map, the result of four 
weeks’ explorations, cover an extent of nearly 60 miles in the direction of the 
range, including thus its most characteristic portion as an independent and 
isolated ridge, embracing as well those parts in which any important mining 
developments have been made. Beyond the limits of the map it spreads out 
laterally, developing a system of cross-ridges, which, connecting it with the 
neighboring ranges, form respectively the northern limit of Smoky Valley, 
which borders it on the east, and the southern water-shed of Reese River 
Valley, which drains its western slopes. 

This portion of the range has a trend of about north 23° east, and, in 
general outline, forms a high single ridge, characterized by a short, steep 
declivity on the east, and a longer and more gentle slope to the west; but a 
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closer examination of its topography discloses a double ridge system, which 
prevails through the greater part of its extent, giving rise to a series of inte- 
rior longitudinal basins; hence the line of the main water-shed is extremely 
sinuous, although that of north 23° east would pass through all the principal 
summits of the range. ‘'T’o the north the range consists of two low and some- 
what broken diverging ridges, inclosing between them the Park basin, which 
opens out further north into the large meridional depression called Grass 
Valley. These ridges rise gradually to the south, preserving a certain paral- 
lelism, though broken through at various points by the waters of the high, 
narrow valleys which they inclose, until they reach their culminating points, 
respectively, in Bunker Hill and Big Creek Peaks. In this extent, although 
the eastern ridge is generally over a thousand feet higher than the western, the 
greater part of their surface is drained into Smoky Valley through Park Creek, 
Birch Creek, and Kingston Creek, which break through the eastern ridge, 
while only Big Creek flows to the west. For a few miles south of Big Creek 
Peak, the western ridge forms the main divide of the range, which bends 
round the head of Kingston Creek, but to the south of it forms a continuation 
of the main eastern ridge. or a distance of 25 miles south, the range con- 
sists of a single and, in general direction, straight ridge, with steep, craggy 
slopes to the east, and long, smooth western spurs. By the bend in this 
ridge to the westward at Summit Cation, the western summit again becomes 
the main divide, its continuation to the north being indicated by the widen- 
ing of the spurs toward the west, which inclose the small basins at the 
heads of Cross’s and Washington Cations. This ridge grows higher toward 
the south, till in the sharp peak of Mount Poston it forms the highest crest 
of the range. The eastern ridge, meanwhile, finds its continuation in the 
shoulders of the eastern spurs, which, rising into high peaks at the Twin 
Rivers, inclose the large interior basins of these cafions, around whose head 
the main divide makes another bend to the eastward. These numerous 
mountain valleys afford most excellent summer grazing ground, their slopes 
being covered with bunch grass, which remains green and nutritious long 
after that of the plains is parched and worthless; they form, moreover, nat- 
ural inclosures, where cattle can be left comparatively unwatched, without 


danger of their straying. 
41 
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The steep, sheltered sides of many of the cations of the range support a 
growth of pifion and juniper trees, with some yellow pine, fir, and mountain 
mahogany, which, though somewhat sparse, is abundant compared to the 
average mountain range of this region, and sufficient to afford several years’ 
supply of mining timber and fuel to mines that are likely to be opened. 

The agricultural resources of the range are not sufficient to support its 
present limited population, being principally confined to the more hardy 
vegetables, which have been successfully cultivated in some of the larger — 
cations; fair crops of grain have, however, been raised on the bottom 
lands at the mouths of Big Creek and Kingston Cafions, and along the bor- 
ders of Reese River and of the Smoky Valley Flat, when the supply of water 
has been sufficient and the slope of the ground suitable for irrigation. 


The valleys which border the range on the east and west are broad, 
plain-like depressions, from six to twelve miles wide, their sides sloping up 
toward the foot-hills of the mountains, which are from 600 to 1,200 feet 
above their lowest point. Their surface is covered by a scanty growth of 
sage brush, which, in their lower and more moist portions, is replaced by a | 
coarse wire or swamp grass. That on the west is traversed by the Reese 
River, which flows northward into the Humboldt, of which it is the longest 
affluent; but, although opposite Austin it is a considerable stream, with an 
average fall of 25 feet in the mile, it seldom reaches that river, owing to the 
great evaporating power of the atmosphere. 

Smoky Valley, on the east, is both deeper and wider than Reese River 
Valley, and forms an independent basin; the waters flowing into it from 
this range all drain toward a large mud or alkali flat, opposite Park Canon, 
which is about 18 miles long by 6 miles wide; a low divide, opposite the Hot 
Springs, forms the southern limit of this basin, though the valley extends 
over a hundred miles further south without any considerable change of level. 
Such alkali flats as this form a very characteristic feature in the scenery of 
the great plateau; partially covered by water from the melting of the snows 
im spring and early summer, its surface, destitute of all vegetation, is left, by 
the evaporation of these waters, incrusted with a thin, white coating of min- 
eral salts. At its northern extremity is the so-called salt marsh, where these 
incrustations are so considerable that large quantities of the salts (here con- 
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taming from 50 to 60 per cent. of chloride of sodium) are collected for use in 
the reduction works in the vicinity. It is probable that saline springs exist 
under this portion of the flat, as the salts which have been removed are con- 
stantly replaced by fresh incrustations. 

The hot springs in the southern portion of the valley do not differ 
essentially from others in the State, which are of frequent occurrence in the 
vicinity of large masses of volcanic rocks. They are a group of circular- 
shaped pools, from one to thirty feet in diameter, in a slight elevation, 
formed by the deposit from their waters, on the edge of the wash from the 
hills; they vary in temperature from that of the air to the boiling point; 
their supply of water but little more than compensates for the evaporation of 
the air, and streams run from them but for a short distance. The most 
interesting of the group is one shaped like a bowl, about three feet in diam- 
eter and as many deep, from the center of which the steam issues with such 
force as to throw up the water in a little jet, a foot or more above the surface 
of the pool. ‘These springs are used both for bathing and cooking purposes; 
their mineral character has not yet been determined. 

Rocxs.—The rocks of this range may be divided into three general 
classes: the sedimentary formations, the ancient eruptive rocks or granites, 
and the recent eruptive or volcanic rocks. These three classes represent in 
age the three geological periods—Paleozoic, Secondary, and Tertiary. 

Sedimentary rocks—On the accompanying map the colors of the car-. 
boniferous formation have been provisorily assigned to all the sedimentary 
rocks of this range, inasmuch as the only fossil remains as yet discovered 
here belong to that period. 

Limestone——The limestone bodies consist of a compact, dark-blue rock, 
in general, probably somewhat metamorphosed, fine-grained to granular, and 
frequently intersected by small seams of white crystalline calcspar. The 
only characteristic and well-defined fossil found by the writer in the some- 
what limited time of his researches is the Fusilina cylindrica, which is gen- 
erally assigned to the lower carboniferous limestone; besides this were a float 
fragment of siliceous limestone, containmg Syringopora, and some molds of 
shells too much metamorphosed to be recognized. These limestones are 
found on the flanks of the range, resting conformably on the slates. 
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Slates-—In the slates are comprised the more highly metamorphosed 
beds, which include fissile limestone shales, more or less siliceous clay-slates, 
and, locally, schistose and somewhat crystalline rocks, resembling mica and 
hornblende schists, and, in one instance, a marbleized limestone. As these 
rocks form a gradation into the limestone, their line of division cannot always 
be definitely located. These beds have been so much disturbed and con- 
torted, and their character so frequently changed by local metamorphism, 


that it has been impossible for the writer to form a satisfactory estimate of | 


their thickness; probably 7,000 feet would cover that of the slates and lime- 
stones combined. 


Quartzites—The quartzite series, found only in the southern portion of 
the range, form beds of compact white quartz rock, colored reddish-brown 
on the weathered surface, between which are intercalated thin beds of white 
granular limestone. These are found underlying the slates, with no appa- 
rent nonconformity; they represent a thickness of several thousand feet, and 
may belong to the Devonian series; this point will probably be elucidated by 
the future work of this survey, when the character and thickness of the strata 
which make up the carboniferous and lower formations in this region will 
be definitely determined. 

Granites—The only considerable bodies of the older eruptive rocks in 
the range are the granites, which form intrusive masses, upon which rest 
the sedimentary rocks. They vary in texture and composition, to a certain 
degree, in the different bodies, but are generally characterized by a large 
proportion of quartz and an almost entire absence of hornblende; the pro- 
portion of mica entering into their composition is generally small, and, in 
one body, replaced by chlorite, forming a protogine-granite. 

A series of syenite and greenstone dikes, often so fine-grained and com- 
pact that their composition could not be determined, which occur with 
remarkable frequency and regularity along the eastern slopes of the range, 
cutting through the granite as well as the various sedimentary formations, 
may be considered to form a second phase of the granitic eruption; these 
dikes, though from 20 to 50 feet wide, were too small to be represented on 
the map. 

A body of dioritic rock, occurring at the Twin Rivers, supposed to be 
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the product of a later metamorphism, has also been left undesignated by any 
distinctive color. 

Volcanic rocks—These rocks are not known to occur earlier than the 
tertiary period; those found in this range may be referred to the two varie- 
ties, propylite, the earliest of the volcanic series, and rhyolite, generally con- 
sidered to be among the most recent, though here it has directly succeeded 
the propylite. Both of these rocks have played an exceptionally important 
part in the structure of this range, since they usually occupy orographically a 
subordinate position. 

Propylite—Both hornblendic and quartzose varieties of propylite are 
found in each of the two localities of this rock in the range, but, compared 
with other bodies in the State, they are very rich in silica. 

Rhyolite —This rock, usually noted for its great variety of texture and 
color, though it occurs here in exceptionally large masses, is of comparatively 
uniform texture; it is generally of the crystalline or granitic variety, the 
occurrence of the porphyritic, hyaline, and earthy texture being of subordi- 
nate importance. 

The quaternary formations are represented by the extensive accumula- 
tions of detrital material, which cover the sloping sides of the adjoining val- 
leys, varying from a coarse gravel, inclosing occasional large rock fragments, 
to a fine, almost impalpable, silt. The gravel benches of the park basin may . 
be referred to the same period. 

SrrucTURE oF THE Rance—The geological formation of this range, 
presenting as it does the result of upheavals, metamorphisms, and eruptions, 
extending over long geological periods, affords the type of a most compli- 
cated mountain structure, of which the present report can only claim to give 
the general outlines. 

In its original elevation, as represented on the map by the stratified 
rocks and granites, may be traced the result of the action of forces of con- 
traction or compression, acting in two directions, laterally, or at right angles 
to the general lie of elevation, and longitudinally, or parallel to that line. 
The lateral, or main forces of upheaval, have produced anticlinal and syncli- 
nal folds, whose axes would have the general direction of the range. The 
effect of the longitudinal compressions has been a disturbance of these condi- 


tions, causing a deviation from the general direction, and a crumpling and 
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general dislocation of the strata, in those parts where the fractures produced 
by the first-named forces have not been filled by the intrusion of granite 
bodies, thus offering a greater resistance to the disturbing forces. 

By reference to the map, Atlas-Plate 13, it will be seen that there are 
five principal bodies of granite—two northern, those of Austin and Geneva; 
two southern, the eastern and western Ophir Cafion bodies, and a long 
intermediate or central body. The Geneva and central and eastern Ophir 
Cafion bodies seem to belong to one line of upheaval, while the Austin and — 
western Ophir Cation bodies represent independent lines of elevation. 

The central mass of sedimentary rocks, comprising the double ridge 
system of Globe, Bunker Hill, and Big Creek Peaks, included between the 
Geneva and central bodies of granite, forms a general anticlinal fold, whose 
ends overlap respectively the extremities of those bodies; here the effect of 
the longitudinal compression is most distinctly seen, since the axis of the fold 
has an extreme variation in direction from about north 35° east, on the 
northern end, to north 20° west on the southern, with an intermediate re-en- 
tering angle to the east. 

On the north the appearance of the Austin granite seems to have been 
accompanied by an upheaval of the metamorphic slates of Telegraph Peak to 
the north, and of the slates and limestones to the south, forming a partial 
synclinal with the western member of the main anticlinal fold where it rests 
on the Geneva body of granite. 

The position of the stratified rocks in the portion of the range south of 
Kingston Cafion seems to be mainly due to their upheaval in the line of the 
granite bodies, which form two generally parallel lines of elevation, repre- 
sented by the central and western Ophir Carion bodies. 

The elevation of the central granite body represents in the main a mono- 
clinal uplift, though isolated bodies of metamorphic rock occur on the eastern 
flanks of this body, whose relations have not been accurately determined. 
By the continuation of this line of upheaval to the south, in the eastern Ophir 
Cation body, which is a metamorphic granite, a synclinal fold in the strata is 
formed between this and the western granite; the western uplift probably 


extends for some distance north of this body to the limestone on the flanks 
of the monoclinal. 
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To subsequent metamorphic or eruptive action is probably due the form- 
ation of the numerous veins and dikes which intersect the original formations. 
The intensity of metamorphic action has increased toward the south, as seen 
in the metamorphic granite at Ophir Cafion, and the partially crystalline slates, 
which, at the Twin River, are replaced by metamorphic diorites. ‘There are 
also evidences of later dynamic action, whose extent cannot be determined. 

In the volcanic period the appearance of the propylite bodies of the 
Point of Rocks was accompanied by considerable disturbance of the adjoming 
rocks, which now seem to rest upon it, and to be somewhat altered at the 
contact; this action was apparently more extensive to the south than to the 
north of this body. The southern eruption of propylite seems to form a con- 
tinuation of the western Ophir Caiion body of granite to the south, covering 
the present bed of the Twin River basins, and to have been accompanied by 
extensive metamorphic action on the rocks to the east of it. 

The rhyolite eruptions have not in general been accompanied by any 
considerable disturbance or alteration of the adjoming rocks. Those of 
Mount Poston, and the peaks above the Hot Springs, have overflowed the 
propylite and, probably, the slates of the western slopes of the range; it is 
not certainly known whether the San Juan rhyolite is part of this flow or an 
independent eruption; the indications of a lateral fold in the strata here would 
favor the latter supposition. The rhyolites at the mouths of Big Creek and 
Kingston are small isolated outflows, which have apparently had no action 
upon the adjoming rocks. The Mount Prometheus rhyolite has broken 
through granite, overflowing its flanks and those of the slates which rest 
upon it. 

The sections given on Plate XXVI, which present approximate pro- 
files of the range at different points, will serve to illustrate the idea intended 
to be conveyed in the above description. 

No. 1, on a line drawn through Mount Prometheus, east 13° south, 
shows the relations of the granite and rhyolite bodies at that point. 

No. 2, on a line drawn through Globe and Big Creek Peaks, east 6° 
south, shows the main anticlinal fold, though it cannot serve for an accurate 
representation of the thickness of the strata, since their strikes vary so much 


that it is impossible to choose a line which shall cut them at right angles. 
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No. 3, on a line drawn through San Juan, east 27° south, shows a section 
of the central granite body, the slates and quartzite resting upon it, and the 
rhyolite on their flanks. 

No. 4, on a line, north 25° south, drawn through the northern spur of 
Ophir Cation, shows the two granite bodies, the synclinal fold in the slates, 
and the rhyolite flow from Prometheus which covers the western slopes. 


To what extent the present configuration of the range is due to glacial 
action is not easy to determine, since the decomposable nature of some of the 
rocks, and the position of the strata of others, are not adapted to preserve the 
traces of such action. 

From the fact, however, of glacier polishings having been found on the 
face of a spur, at the mouth of Santa Fé Caiion, in such a position as to ne- 
cessitate the supposition of the existence of a glacier in that cation, whose 
lower extremity, covering the end of this spur, extended out into Smoky 
Valley, it may be inferred that the basin-shaped heads of most of the large 
canons were formerly filled by glaciers, which, flowing over the inclosing 
ridges at their lowest points, by their abrasion, followed the course of the 
present cations; the subsequent action of water having cut the narrow gorges 
which now exist in their lower portions. 

The great accumulations of debris at the mouths of the larger cafions, 
whose slope is frequently more than 6°, through which the waters have cut 
channels from 50 to 100 feet deep, and of more than double the width, favor 
this supposition, while the narrowness and steepness of the range, and the 
probable existence of lakes which filled the adjoining valleys, might account 
for the absence of any well-defined moraines. 

The Austin body of granite, which is particularly interesting as being 
the principal ore-bearing body of the range, forms the core of the main ridge 
of the Toyabe, which is here comparatively low, for five miles south of Tele- 
graph Pass. It is exposed mainly on the western slope of this ridge, where 
it is worn into the rounded spurs and open, shallow ravines, characteristic of 
an easily decomposed granite. This is a normal granite, consisting of quartz, 
feldspar, and mica; the feldspar of two varieties, a semi-translucent orthoclase, 
and an opaque white variety, probably oligoclase; the mica a dark magne- 
sian variety ; hornblende is found as an accessory ingredient, sometimes con- 
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centrated in bands or bunches. It forms the southern foot-hills of Telegraph 
Peak, underlying the metamorphic rocks, which are dark-blue siliceous lime- 
stone-shales, dipping to the north and east at alow angle. At Telegraph 
Pass it is exposed on the eastern slope of the ridge, where it is traversed by 
a dike, about 15 feet wide, of white granulitic rock, containing sparse crys- 
tals of mica, and black crystalline grains, probably of tourmaline, concentrated 
in bunches throughout the mass; this dike has a northwest strike, which.is 
the direction of the principal veins of this neighborhood. Granite forms the 
crest of the ridge, as far south as Mount Prometheus. This peak is chiefly 
conspicuous as forming the summit of Lander Hill, the spur in which have 
been found the richest veins of the district; its summit, and the flat-topped 
ridge at the head of Marshall’s Cation, are formed of rhyolite, which covers 
the eastern slopes of the ridge, and forms the head of the Park basin; while, 
on the main ridge south of Marshall’s Cafion, are found the dark metamor- 
phic slates of Telegraph Peak, dipping southeast at a low angle with a north- 
east strike, and separating the granite, on which they rest, from the rhyolite, 
which forms the saddle connecting this ridge with the hills north of Geneva. 
The rhyolite of Mount Prometheus is not a very characteristic variety, masmuch 


_ as it contains but little free quartz, while that of the Marshall’s Cafion ridge is 


very like a trachyte, or, in some respects, an older porphyry; but their mode 
of occurrence, geological relations, and certain mineralogical characteristics 
favor the assignment to them of a rhyolitic rather than a trachytic origin, 
while their resemblance to the older porphyries is confined to the compact 
matrix of a limited local occurrence. 

The mass of Prometheus and its eastern slopes are composed of a brown- 
ish-purple vesicular rock, in which a microcrystalline feldspathic paste incloses 
crystals of glassy feldspar, magnesian mica in large quantities, and occasional 
grains of smoky quartz; largely disseminated throughout the mass, and lining 
the cavities, which are frequently as much as an inch in diameter, are spher- 
ulitic concretions of feldspar, whose occurrence is generally considered to be 
characteristic of rhyolitic rocks. On the western crest of Prometheus, to- 
ward the main granite body, this rock passes into a black pearlite, in which 
the spherulitic structure is still found, though not so prominently developed 
as in the former, nor with the same concentric structure. The vitreous paste 
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incloses crystals of white sanidin feldspar and black mica, but apparently no 
free quartz; it has a dark, glazed, weathered surface, and frequently a columnar 
structure, forming small pentagonal and hexagonal prisms. The line of contact 
of this rock with the granite, which has a north and south direction, is marked 
by a depression in the crest of the ridge west of Prometheus, and a ravine on 
either side, showing that the granite was decomposed, and hence more deeply 
eroded on this line; and the pearlitic texture would seem to be due to the 
reciprocal action of the granite on the rhyolite body. The main rhyolite of 
Prometheus is also very easily decomposed by atmospheric agents; hence, 
in the low saddle of the main ridge above Austin and in various depressions 
of the eastern spurs, it has been eroded off, and the underlying granite laid 
bare; here the granite is found to be so thoroughly decomposed on the sur- 
face that it crumbles into fine quartz sand at the touch, the feldspar having 
been kaolinized, and the mica only leaving its traces in stains of iron oxide 
through the mass. In several places on the eastern slopes, however, the 
granite is found in large rounded blocks, in a comparatively undecomposed 
state; these may not have. been entirely covered by the flow of rhyolite, or 
their outer decomposed surfaces may have been entirely worn away by the 
action of erosion, and the undecomposed kernel left as now found. 

South of the pass above Austin extends a flat-topped ridge, having a 
gentle slope to the eastward, which is formed of a reddish-brown porphyritic 
rhyolite; its compact, homogeneous, feldspathic matrix mcloses small crystals 
of sanidin feldspar, with no free quartz as far as can be seen by a simple loupe; 
in the valley to the east this rock is found, having a lighter drab-colored ma- 
trix, inclosing, in addition to the feldspar, crystals of black mica. 

Still further south, on the divide which connects this ridge with the hills 
north of Geneva, and in a line due south from Prometheus, occur similar 
rocks, and in the same relative position as on that peak; they are, however, 
more compact, and have not the spherulites which are found in those rocks. 
Still another variety of texture is found on the eastern limits of the body; as 
these, however, are, in a great measure, covered by the debris of the Park 
basin, they are not so clearly defined as the western limits. On the northern 
slopes of the hills, north of Geneva and near the Overland Stage road, is found 
a brick-red rhyolite, having an earthy homogeneous texture, probably the 
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result of solfataric action. At the foot of a northeastern spur of Prometheus, 
on the western edge of the basin, is found another partially decomposed vari- 
ety, of white color, having small crystals of quartz disseminated through the 
feldspathic matrix. 

The line of fissure of this rhyolite eruption, as has been seen, is about 
north and south; the southern portion of the body, or that which occurs in 
the slates, has a different character from the rock of Prometheus, which has 
broken through the granite, and is, by the occurrence of granite on the pass 
above Austin, isolated from the rest. There is no evidence to show that 
these rocks are cotemporaneous or the reverse, since they are not found in 
contact on the surface; whatever the origin of the more southern rocks, how- 
ever, the summit of Prometheus evidently marks the vent through which the 
rocks, composing its slopes, have come to the surface. 

The most productive veins in the district occur on the south slope of 
Lander Hill, the granite spur, which extends to the westward from Mount Pro- 
metheus; of those most extensively explored the majority have a northwest 
strike, and dip at a low angle into the hill to the northeast. In these veins 
has been found a system of fractures or faulting, in a north and south direc- 
tion, occurring with such regularity and persistence as to suggest the idea 
that the surface of the spur has experienced a general downward movement 
to the westward, or, what seems more probable, that the interior core of the 
spur has been uplifted in the opposite direction, possibly at the time of the 
rhyolitic eruption of Mount Prometheus, the line of movement being generally 
parallel to this fissure. 

In the upper part of Marshall’s Cafion, forming a dike in the granite, is 
a dark-green, fine-grained rock, impregnated with iron pyrites, which re- 
sembles a syenite, though its grain is too close to determine with accuracy its 
mineralogical composition. 'T’o the south the granite body gradually grows nar- 
rower, and in Ely’s Cafion, the fourth south from Austin, is no longer seen. 
Here are limestone-shales, generally dipping south and east, though their strikes 
seem to vary a good deal. In the next cafion south is the commencement of 
a body of blue limestone, which extends south as far as Big Creek, and. seems 
to be the least altered of any im the range. In it were found a few indistinct 


molds of-fossils, but it is generally rather granular and crossed by small 
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seams of calespar and quartz; the lime made from it im a limekiln, a few miles 
north of Big Creek, is said to be of very poor quality. The general strike of 
the body is north 35° east with a dip of 40° to the west, though the northern 
end apparently partakes of the construction of the slates resting on the Aus- 
tin granite. An immense seam or dike of quartz is found near the summit 
of the ridge, above the limekiln, having a strike parallel to the general direc- 
tion of the ridge, and corresponding in position to a quartzite dike near the 
head of Ely’s Catton. The occurrence of such dikes with a probable con- 
tinuity for a long distance is one of the peculiar features in the geology of the 
range. | 

Directly east of Austin, forming the eastern water-shed of the Park Basin, 
is a group of conical granite hills, having three principal peaks rising about 
1,800 feet above the neighboring valley, called the Park Mountains. Their 
entire mass appears to be of granite, which is in the main a compact, close- 
grained variety, in which the feldspars predominate ; these are of two varieties, 
a flesh-colored orthoclase and a greenish-white, probably oligoclase, besides 
which the granite contains quartz and a magnesia mica, with some small green 
crystals, probably hornblende. A narrow dike is observable on the slope 
toward Park Creek, having a northwest trend, corresponding to that on the 
east of Telegraph Pass; the rock of this dike is a white granulite, containing 
no mica, and the feldspar seeming partially kaolinized. 

On the north of the group the waters of the Park Basin have broken 
through the granite body in a narrow gorge, in which the rock has been very 
much decomposed by atmospheric agents, causing considerable accumulations 
of granite sands in the ravines. The granite extends into the hills north of 
this ravine for a short distance, and is succeeded by siliceous metamorphic 
slates which rest upon it, dipping to the northward. The extensive flows of 
rhyolite which form the table-topped ridges to the north and east, beyond the 
limits of the map, probably extend to the flanks of these slates. 

Of the group of hills next south, lying to the north of Geneva, the 
highest point, which rises about 3,000 feet above the valley, is of dark meta- 
morphic slates similar to those of Telegraph Peak, succeeded to the north by 
various fissile slates, whose debris form smooth slopes to the north and west. 
These slates have a general strike somewhat east of north, and are traversed 
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by several quartz veins, and some dikes of a light-colored breccia mat- 
ter, having a northwest direction; the latter may have the same origin 
as the rhyolite, which forms the saddle connecting these hills with the 
Western or Austin ridge. On the eastern slopes the granite forms more 
jagged spurs, which are covered with a considerable growth of juniper, while 
the extreme eastern foot-hills are so covered with debris that the underlying 
rocks are not apparent. Geneva, or Birch Creek, Cation presents a fine sec- 
tion of this body of granite; it is a narrow gorge, worn by the action of the 
water, in a generally straight course, though zigzagging in detail owing to the 
unequal resistance offered by different parts of the granite to the action of 
erosion; the walls rise very steeply on either side from 1,000 to 2,000 feet. 
The western part of the body is a very interesting variety of the so-called 
giant granite, composed of a mass of large crystals of orthoclase from one to 
two inches long, and rounded grains of quartz filling up the interstices of, and 
frequently inclosed within, these crystals; the mica, which is of the white potash 
variety, occurs in thin sheets between the crystals of feldspar. The general 
body of the granite is a white mass of quartz and feldspar, in which large crystals 
of orthoclase are porphyritically imbedded; small crystals of green magnesia 
mica and a little white potash mica are generally distributed throughout the 
rock. As exposed in the Commercial Company’s tunnel, however, the mica 
is replaced by a light green mineral resembling chlorite. This tunnel has 
been cut over 800 feet into the granite spur to the south from near the mouth 
of the cafion, for the purpose of reaching the Big Smoky vein, which crops 
out about two hundred feet above it on the ridge of the spur, of which it has 
the general direction. ‘The workings on this vein disclose a large irregular 
body of quartz and calespar from 15 to 20 feet thick, stained by graphite; it 
would seem to be at the contact of the slates and granite, since these rocks are 
cut in alternate bands by the tunnel which reaches it from the south. 

A noticeable feature of the granite exposed in this gorge is the regular 
bedding of the mass, amounting almost to a stratification, having a gentle dip 
to the westward ; it may be estimated that a thickness of over 3,000 feet of 


granite is exposed here. 
About half-way up the cafion the granite is traversed by a dike about 25 
feet thick of close-grained greenstone, having a northeast and southwest strike, 
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and a dip of about 30° to the northwest. Above the granite the gorge 
spreads out into an open longitudinal valley, in whose bottom are exposed the 
upturned edges of the metamorphic strata, which rest on the granite. 

South of Geneva Cafion commences the main high ridge of the Toyabe 
Range, which rises suddenly in Geneva Peak to a height of 5,400 feet 
above the valley. The granite forms only the northern point of this ridge, 
extending along under its eastern edge, while the summit is formed of slates 
resting upon it. Geneva Peak consists of limestone shales, striking a little 
east of north and dipping south at a low angle. From here south as far as 
Bunker Hill, the main crest of the range is a high sharp ridge of various ar- 
gillaceous and limestone shales, whose dip changes to the eastward a short 
distance south of Geneva Peak. 'The western slopes toward the interior val- 
leys are generally quite abrupt, though owing to the fragile character of the 
rocks they are so covered with debris and soil that the details of structure are 
not very apparent. | 

On the eastern foot-hills the slates come in south of Geneva Cafion, having 
a northeast strike, and dip to the east and south, resting on the granite, and 
extending higher up into the range as one goes south; these are overtopped 
by a body of limestone, which first makes its appearance at Tar Creek, and 
is found in varying thickness along the eastern flanks of the range as far as 
Kingston. This limestone is a dark-blue, semi-crystalline mass, more or less 
metamorphosed throughout, and in many places assuming a foliated structure, 
so that it is difficult to determine the line of division between it and the slates. 
While the main ridge forms the eastern edge of the general anticlinal fold, 
there seems to have been a lateral fold between Globe Cafion and Santa Fé, 
and the strata are found to be much contorted and disturbed in this region. 
Near the mouth of Globe Cafion the limestone strata have a quite regular dip 
of 40° to the east, on the north side, striking north and south, those on the 
south side being irregular and much contorted, while still further south in 
Santa Fé they are tilted up at a generally steeper angle and have various 
strikes. On the eastern slope of Globe Peak, which attains the already very 
considerable height of 11,237 feet above sea level, are a succession of fissile 
slates of various green and purple shades, including a variety of quartzose 


mica-schist, containing, however, but a small proportion of mica, which un- 


Ve 


Me — Ta 


CENTRAL AND EASTERN NEVADA. 33D 


derlie and are conformable with the limestones that form the eastern ex- 
tremity of the slope. Both slates and limestones are traversed by numerous 
veins of quartz, some of which show good bodies of galena; these veins have 
a north and south strike generally conformable with the stratification. 

On the lower face of the foot-hills, just north of the mouth of Santa Fé 
Cafion, are the remarkable glacier polishings already mentioned. A thin seam 
of gray quartz, striking north 15° east, with a dip of 59° east, here forms the 
face of the spur; its somewhat undulating surface has, on the salient parts, 
over a tolerably continuous extent of several hundred feet, received a mirror- 
like polish, equal to the finest produced by artificial means, so that when the 
sun’s rays strike upon it at the proper angle their reflection is visible as a 
bright point from a distance of many miles. The lines of striation, which are 
only visible on a close examination, are parallel to the line of greatest inclina- 
tion. The surrounding rock, which is a somewhat metamorphosed and slaty 
limestone, has not been of sufficient hardness to retain any other traces of 
glaciers, though it is evident that to this agency must be attributed these pol- 
ishings. Their position is indeed singular, at the foot of such a steep slope, 
and entirely on the outside of the cafion basin; the head of this cafion, which 
extends up to the northeastern crest of Bunker Hill, must have been filled by 
a glacier, whose lower end overlapped this spur, which closes up, in a meas- 
ure, the mouth of the cafion, and the descending mass of ice and gravel has 
worn away the less resisting rocks, while this sheet of quartz received its 
present high polish. As far as known this is the only instance of such ice 
polishings in the range, though, as elsewhere remarked, the shape of the inte- 
rior valleys seems to indicate that they were once filled by glaciers. In the 
limestones of Santa Fé Cafion were found the fusilinae already mentioned. 
Near the mouth of the cafion is a dike of dark green, fine-grained syenite, 
consisting of hornblende and white feldspar, the former occasionally in colum- 
nar crystals; no quartz or mica are found in this rock. 

Bunker Hill, the second highest peak in the range, (11,735 feet,) holds a 
central position, geologically as well as topographically ; its neighborhood, after 
the Twin River region, has been the scene of the most varied upheavals and 
metamorphisms, and the strike of its rocks forms the greatest angle with the 
general direction of the range. Its mass consists of the various slate series 
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which form the main ridge to the north—here, in general, more highly meta- 
morphosed—having a dip of about 45° to the eastward, and a strike of north 
20° west, flanked on the east by the limestone body, which only extends to 
the northern edge of the cafion mouth. 

Kingston Cafion is another of the characteristic gorgas of the range, worn, 
in this case, through slaty rocks; its sides, except near the mouth, are less 
precipitous than those of Geneva Cajion, and yet sufficiently grand when one 
considers that looking up a lateral ravine, from the mining hamlet of Bunker 
Hill, one can see the southern summit of the peak of the same name, rising over 
5,000 feet, in a horizontal distance of 10,000 feet. The general course of the 
cafion is at an oblique angle with the formation, which gives the appearance 
of a greater thickness to the rocks than they really have. A large dike of 
syenite, about 50 feet thick, of a close grain and dark-green color, occurs a 
mile or two from the mouth of the cafion, conformable with the inclosing 
rocks, and similar, in composition and position, to that in Santa Fé Cafion; it 
differs in that it is impregnated with iron pyrites, which do not appear in the 
former. Nearly parallel, and a few hundred feet above it, is a large quartz 
vein, about 15 or 20 feet thick, apparently comformable in strike with the 
stratification, but much contorted, especially in the ravines; parts of this have 
been found rich in silver, and the ore reduced in a small five-stamp mill in the 
cafion. These seem to mark a line of metamorphic action, for on the western 
slope of Bunker Hill, seemingly in a corresponding position, are found flexible 
slates, carrying cubes of iron pyrites and a grayish marbleized limestone, a 
metamorphic phase of one of the intercalated limestone strata of the slate 
series, or, possibly, an upper member of the quartzite series. While the 
cafion, in its lower part, is a narrow, precipitous gorge, between bare, rocky 
cliffs, along which the large quartz vein and several smaller ones can be traced 
for a considerable distance on the northern side, and the syenite dike, (or 
ironstone, as the miners call it, on account of its hardness,) on either side, it 
opens out above the axis of the eastern ridge, and at the bend, where the 
main tributaries come together, forms a pretty mountain valley, with smooth, 
grass-grown slopes. The northern fork of the cafion, with the two forks of 
Big Creek Cafion, form a longitudinal depression, separating the two high 
ridges, east and west, and probably occupy in part the axis of the main anti- 
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centrated in bands or bunches. It forms the southern foot-hills of Telegraph 
Peak, underlying the metamorphic rocks, which are dark-blue siliceous lime- 
stone-shales, dipping to the north and east at alow angle. At Telegraph 
Pass it is exposed on the eastern slope of the ridge, where it is traversed by 
a dike, about 15 feet wide, of white granulitic rock, containing sparse crys- 
tals of mica, and black crystalline grains, probably of tourmaline, concentrated 
in bunches throughout the mass; this dike has a northwest strike, which.is 
the direction of the principal veins of this neighborhood. Granite forms the 
crest of the ridge, as far south as Mount Prometheus. This peak is chiefly 
conspicuous as forming the summit of Lander Hill, the spur in which have 
been found the richest veins of the district; its summit, and the flat-topped 
ridge at the head of Marshall’s Cafion, are formed of rhyolite, which covers 
the eastern slopes of the ridge, and forms the head of the Park basin; while, 
on the main ridge south of Marshall’s Canon, are found the dark metamor- 
phic slates of Telegraph Peak, dipping southeast at a low angle with a north- 
east strike, and separating the granite, on which they rest, from the rhyolite, 
which forms the saddle connecting this ridge with the hills north of Geneva. 
The rhyolite of Mount Prometheus is not a very characteristic variety, inasmuch 
as it contains but little free quartz, while that of the Marshall’s Cafion ridge is 
very like a trachyte, or, in some respects, an older porphyry; but their mode 
of occurrence, geological relations, and certain mineralogical characteristics 
favor the assignment to them of a rhyolitic rather than a trachytic origin, 
while their resemblance to the older porphyries is confined to the compact 
matrix of a limited local occurrence. 

The mass of Prometheus and its eastern slopes are composed of a brown- 
ish-purple vesicular rock, in which a microcrystalline feldspathic paste incloses 
crystals of glassy feldspar, magnesian mica in large quantities, and occasional 
grains of smoky quartz; largely disseminated throughout the mass, and liming 
the cavities, which are frequently as much as an inch in diameter, are spher- 
ulitic concretions of feldspar, whose occurrence is generally considered to be 
characteristic of rhyolitic rocks. On the western crest of Prometheus, to- 
ward the main granite body, this rock passes into a black pearlite, in which 
the spherulitic structure is still found, though not so prominently developed 
as in the former, nor with the same concentric structure. ‘The vitreous paste 
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incloses crystals of white sanidin feldspar and black mica, but apparently no 
free quartz; it has a dark, glazed, weathered surface, and frequently a columnar 
structure, forming small pentagonal and hexagonal prisms. The line of contact 
of this rock with the granite, which has a north and south direction, is marked 
by a depression in the crest of the ridge west of Prometheus, and a ravine on 
either side, showing that the granite was decomposed, and hence more deeply 
eroded on this line; and the pearlitic texture would seem to be due to the 
reciprocal action of the granite on the rhyolite body. The main rhyolite of 
Prometheus is also very easily decomposed by atmospheric agents; hence, 
in the low saddle of the main ridge above Austin and in various depressions 
of the eastern spurs, it has been eroded off, and the underlying granite laid 
bare; here the granite is found.to be so thoroughly decomposed on the sur- 
face that it crumbles into fine quartz sand at the touch, the feldspar having 
been kaolinized, and the mica only leaving its traces in stains of iron oxide 
through the mass. In several places on the eastern slopes, however, the 
granite is found in large rounded blocks, in a comparatively undecomposed 
state; these may not have been entirely covered by the flow of rhyolite, or 
their outer decomposed surfaces may have been entirely worn away by the 
action of erosion, and the undecomposed kernel left as now found. 

South of the pass above Austin extends a flat-topped ridge, having a 
gentle slope to the eastward, which is formed of a reddish-brown porphyritic 
rhyolite; its compact, homogeneous, feldspathic matrix incloses small crystals 
of sanidin feldspar, with no free quartz as far as can be seen by a simple loupe; 
in the valley to the east this rock is found, having a lighter drab-colored ma- 
trix, inclosing, in addition to the feldspar, crystals of black mica. 


Still further south, on the divide which connects this ridge with the hills 


north of Geneva, and in a line due south from Prometheus, occur similar 


rocks, and in the same relative position as on that peak; they are, however, 
more compact, and have not the spherulites which are found in those rocks. 
Still another variety of texture is found on the eastern limits of the body; as 
these, however, are, ina great measure, covered by the debris of the Park 
basin, they are not so clearly defined as the western limits. On the northern 
slopes of the hills, north of Geneva and near the Overland Stage road, is found 
a brick-red rhyolite, having an earthy homogeneous texture, probably the 
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result of solfataric action. At the foot of a northeastern spur of Prometheus, 
on the western edge of the basin, is found another partially decomposed vari- 
ety, of white color, having small crystals of quartz disseminated through the 
feldspathic matrix. 

The line of fissure of this rhyolite eruption, as has been seen, is about 
north and south; the southern portion of the body, or that which occurs in 
the slates, has a different character from the rock of Prometheus, which has 
broken through the granite, and is, by the occurrence of granite on the pass 
above Austin, isolated from the rest. There is no evidence to show that 
these rocks are cotemporaneous or the reverse, since they are not found in 
contact on the surface; whatever the origin of the more southern rocks, how- 
ever, the summit of Prometheus evidently marks the vent through which the 
rocks, composing its slopes, have come to the surface. 

The most productive veins in the district occur on the south slope of 
Lander Hill, the granite spur, which extends to the westward from Mount Pro- 
metheus; of those most extensively explored the majority have a northwest 
strike, and dip at a low angle into the hill to the northeast. In these veins 
has been found a system of fractures or faulting, in a north and south direc- 
tion, occurring with such regularity and persistence as to suggest the idea 
that the surface of the spur has experienced a general downward movement 
to the westward, or, what seems more probable, that the interior core of the 
spur has been uplifted in the opposite direction, possibly at the time of the 
rhyolitic eruption of Mount Prometheus, the line of movement being generally 
parallel to this fissure. 

In the upper part of Marshall’s Caiion, forming a dike in the granite, is 
a dark-green, fine-grained rock, impregnated with iron pyrites, which re- 
sembles a syenite, though its grain is too close to determine with accuracy its 
mineralogical composition. To the south the granite body gradually grows nar- 
rower, and in Ely’s Cafion, the fourth south from Austin, is no longer seen. 
Here are limestone-shales, generally dipping south and east, though their strikes 
seem to vary a good deal. In the next cafion south is the commencement of 
a body of blue limestone, which extends south as far as Big Creek, and seems 
to be the least altered of any in the range. In it were found a few indistinct 


molds of fossils, but it is generally rather granular and crossed by small 
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seams of calcspar and quartz; the lime made from it in a limekiln, a few miles 
north of Big Creek, is said to be of very poor quality. The general strike of 
the body is north 35° east with a dip of 40° to the west, though the northern 
end apparently partakes of the construction of the slates resting on the Aus- 
tin granite. An immense seam or dike of quartz is found near the summit 
of the ridge, above the limekiln, having a strike parallel to the general direc- 
tion of the ridge, and corresponding in position to a quartzite dike near the 
head of Ely’s Cafion. The occurrence of such dikes with a probable con- 
tinuity for a long distance is one of the peculiar features in the geology of the 
range. 

Directly east of Austin, forming the eastern water-shed of the Park Basin, 
is a group of conical granite hills, having three principal peaks rising about 
1,800 feet above the neighboring valley, called the Park Mountains. Their 
entire mass appears to be of granite, which is in the main a compact, close- 
grained variety, in which the feldspars predominate ; these are of two varieties, 
a flesh-colored orthoclase and a greenish-white, probably oligoclase, besides 
which the granite contains quartz anda magnesia mica, with some small green 
crystals, probably hornblende. A narrow dike is observable on the slope 
toward Park Creek, having a northwest trend, corresponding to that on the 
east of Telegraph Pass; the rock of this dike is a white granulite, containing 
no mica, and the feldspar seeming partially kaolinized. 

On the north of the group the waters of the Park Basin have broken 
through the granite body in a narrow gorge, in which the rock has been very 
much decomposed by atmospheric agents, causing considerable accumulations 
of granite sands in the ravines. ‘The granite extends into the hills north of 
this ravine for a short distance, and is succeeded by siliceous metamorphic 
slates which rest upon it, dipping to the northward. The extensive flows of 
rhyolite which form the table-topped ridges to the north and east, beyond the 
limits of the map, probably extend to the flanks of these slates. 

Of the group of hills next south, lying to the north of Geneva, the 
highest point, which rises about 3,000 feet above the valley, is of dark meta- 
morphic slates similar to those of Telegraph Peak, succeeded to the north by 
various fissile slates, whose debris form smooth slopes to the north and west. 


These slates have a general strike somewhat east of north, and are traversed 
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_ by several quartz veins, and some dikes of a light-colored breccia mat- 


ter, having a northwest direction; the latter may have the same origin 
as the rhyolite, which forms the saddle connecting these hills with the 
Western or Austin ridge. On the eastern slopes the granite forms more 
jagged spurs, which are covered with a considerable growth of juniper, while 
the extreme eastern foot-hills are so covered with debris that the underlying 
rocks are not apparent. Geneva, or Birch Creek, Caiion presents a fine sec- 
tion of this body of granite; it is a narrow gorge, worn by the action of the 
water, in a generally straight course, though zigzagging in detail owing to the 
unequal resistance offered by different parts of the granite to the action of 
erosion; the walls rise very steeply on either side from 1,000 to 2,000 feet. 
The western part of the body is a very interesting variety of the so-called 
giant granite, composed of a mass of large crystals of orthoclase from one to 
two inches long, and rounded grains of quartz filling up the interstices of, and 
frequently inclosed within, these crystals; the mica, which is of the white potash 
variety, occurs in thin sheets between the crystals of feldspar. The general 
body of the granite is a white mass of quartz and feldspar, in which large crystals 
of orthoclase are porphyritically imbedded; small crystals of green magnesia 
mica and a little white potash mica are generally distributed throughout the 
rock. As exposed in the Commercial Company’s tunnel, however, the mica 
is replaced by a light green mineral resembling chlorite. This tunnel has 
been cut over 800 feet into the granite spur to the south from near the mouth 
of the cafion, for the purpose of reaching the Big Smoky vein, which crops 
out about two hundred feet above it on the ridge of the spur, of which it has 
the general direction. ‘The workings on this vein disclose a large irregular 
body of quartz and calespar from 15 to 20 feet thick, stained by graphite; it 
would seem to be at the contact of the slates and granite, since these rocks are 
cut in alternate bands by the tunnel which reaches it from the south. 

A noticeable feature of the granite exposed in this gorge is the regular 
bedding of the mass, amounting almost to a stratification, having a gentle dip 
to the westward ; it may be estimated that a thickness of over 3,000 feet of 


granite is exposed here. 
About half-way up the cafion the granite is traversed by a dike about 25 
feet thick of close-grained greenstone, having a northeast and southwest strike, 
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and a dip of about 30° to the northwest. Above the granite the gorge . 


spreads out into an open longitudinal valley, in whose bottom are exposed the 
upturned edges of the metamorphic strata, which rest on the granite. 

South of Geneva Cafion commences the main high ridge of the Toyabe 
Range, which rises suddenly in Geneva Peak to a height of 5,400 feet 
above the valley. The granite forms only the northern point of this ridge, 
extending along under its eastern edge, while the summit is formed of slates 
resting upon it. Geneva Peak consists of limestone shales, striking a little 


east of north and dipping south at a low angle. From here south as far as — 


Bunker Hill, the main crest of the range is a high sharp ridge of various ar- 
gillaceous and limestone shales, whose dip changes to the eastward a short 
distance south of Geneva Peak. ‘The western slopes toward the interior val- 
leys are generally quite abrupt, though owing to the fragile character of the 
rocks they are so covered with debris and soil that the details of structure are 
not very apparent. 

On the eastern foot-hills the slates come in south of Geneva Cafion, having 
a northeast strike, and dip to the east and south, resting on the granite, and 
extending higher up into the range as one goes south; these are overtopped 
by a body of limestone, which first makes its appearance at Tar Creek, and 
is found in varying thickness along the eastern flanks of the range as far as 
Kingston. This limestone is a dark-blue, semi-crystalline mass, more or less 
metamorphosed throughout, and in many places assuming a foliated structure, 
so that it is difficult to determine the line of division between it and the slates. 
While the main ridge forms the eastern edge of the general anticlinal fold, 
there seems to have been a lateral fold between Globe Cafion and Santa Fé, 
and the strata are found to be much contorted and disturbed in this region. 
Near the mouth of Globe Cafion the limestone strata have a quite regular dip 
of 40° to the east, on the north side, striking north and south, those on the 
south side beg irregular and much contorted, while still further south in 
Santa Fé they are tilted up at a generally steeper angle and have various 
strikes. On the eastern slope of Globe Peak, which attains the already very 
considerable height of 11,237 feet above sea level, are a succession of fissile 
slates of various green and purple shades, including a variety of quartzose 


mica-schist, containing, however, but a small proportion of mica, which un- 
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-derlie and are conformable with the limestones that form the eastern ex- 


tremity of the slope. Both slates and limestones are traversed by numerous 
veins of quartz, some of which show good bodies of galena; these veins have 
a north and south strike generally conformable with the stratification. 

On the lower face of the foot-hills, just north of the mouth of Santa Fé 
Caiion, are the remarkable glacier polishings already mentioned. A thin seam 
of gray quartz, striking north 15° east, with a dip of 59° east, here forms the 
face of the spur; its somewhat undulating surface has, on the salient parts, 
over a tolerably continuous extent of several hundred feet, received a mirror- 
like polish, equal to the finest produced by artificial means, so that when the 
sun’s rays strike upon it at the proper angle their reflection is visible as a 
bright point from a distance of many miles. The lines of striation, which are 
only visible on a close examination, are parallel to the line of greatest inclina- 
tion. The surrounding rock, which is a somewhat metamorphosed and slaty 
limestone, has not been of sufficient hardness to retain any other traces of 
glaciers, though it is evident that to this agency must be attributed these pol- 
ishings. Their position is indeed singular, at the foot of such a steep slope, 
and entirely on the outside of the cafion basin; the head of this cafion, which 
extends up to the northeastern crest of Bunker Hill, must have been filled by 
a glacier, whose lower end overlapped this spur, which closes up, in a meas- 
ure, the mouth of the cafion, and the descending mass of ice and gravel has 
worn away the less resisting rocks, while this sheet of quartz received its 
present high polish. As far as known this is the only instance of such ice 


_ polishings in the range, though, as elsewhere remarked, the shape of the inte- 


rior valleys seems to indicate that they were once filled by glaciers. In the 
limestones of Santa Fé Cafion were found the fusilinae already mentioned. 
Near the mouth of the cafion is a dike of dark green, fine-grained syenite, 
consisting of hornblende and white feldspar, the former occasionally in colum- 
nar crystals; no quartz or mica are found in this rock. 

Bunker Hill, the second highest peak in the range, (11,735 feet,) holds a 
central position, geologically as well as topographically ; its neighborhood, after 
the Twin River region, has been the scene of the most varied upheavals and 
metamorphisms, and the strike of its rocks forms the greatest angle with the 
general direction of the range. Its mass consists of the various slate series 
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which form the main ridge to the north—here, in general, more highly meta- 
morphosed—having a dip of about 45° to the eastward, and a strike of north 
20° west, flanked on the east by the limestone body, which only extends to 
the northern edge of the cafion mouth. . 

Kingston Cafion is another of the characteristic gorges of the range, worn, 
in this case, through slaty rocks; its sides, except near the mouth, are less 
precipitous than those of Geneva Cajion, and yet sufficiently grand when one 
considers that looking up a lateral ravine, from the mining hamlet of Bunker 
Hill, one can see the southern summit of the peak of the same name, rising over 
5,000 feet, in a horizontal distance of 10,000 feet. The general course of the 
cafion is at an oblique angle with the formation, which gives the appearance 
of a greater thickness to the rocks than they really have. A large dike of 
syenite, about 50 feet thick, of a close grain and dark-green color, occurs a 
mile or two from the mouth of the cafion, conformable with the inclosing 
rocks, and similar, in composition and position, to that in Santa Fé Cafion; it 
differs in that it is impregnated with iron pyrites, which do not appear in the 
former. Nearly parallel, and a few hundred feet above it, is a large quartz 
vein, about 15 or 20 feet thick, apparently comformable in strike with the 
stratification, but much contorted, especially in the ravines; parts of this have 
been found rich in silver, and the ore reduced in a small five-stamp mill in the 
cafion. These seem to mark a line of metamorphic action, for on the western 
slope of Bunker Hill, seemingly in a corresponding position, are found flexible 
slates, carrying cubes of iron pyrites and a grayish marbleized limestone, a 
metamorphic phase of one of the intercalated limestone strata of the slate 
series, or, possibly, an upper member of the quartzite series. While the 
cafion, in its lower part, is a narrow, precipitous gorge, between bare, rocky 
cliffs, along which the large quartz vein and several smaller ones can be traced 
for a considerable distance on the northern side, and the syenite dike, (or 
ironstone, as the miners call it, on account of its hardness,) on either side, it 
opens out above the axis of the eastern ridge, and at the bend, where the 
main tributaries come together, forms a pretty mountain valley, with smooth, 
grass-grown slopes. The northern fork of the cafion, with the two forks of 
Big Creek Cafion, form a longitudinal depression, separating the two high 
ridges, east and west, and probably occupy in part the axis of the main anti- 
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clinal, the abrading forces having acted with more effect upon the upturned 
edges of the strata than upon their flanks. In the bottom, both above and 
below the bend, are large springs of cold water. Through this north fork 
and the south fork of Big Creek Cafion, which have an easy, natural grade, 
a road has been built, crossing the divide between them, at an altitude of 
8,922 feet. 

Opposite this divide is the highest point of the western ridge, Big Creek 
Peak, (10,265 feet,) whose upheaval is probably one phase of the lateral fold 
observed at Santa Fé, as it marks the angle of a change of direction in the 
strikes of the rocks forming the western ridge. Its summit and eastern slopes 
are in the slate, while on its western flanks is a body of limestone correspond- 
ing to that on the eastern side of the range. In the siliceous slates forming 
the very summit of this peak were found some traces of fossil remains, so much 
metamorphosed, however, as to be unrecognizable. To the north the slates 
appear to bend in direction somewhat to the westward, having a strike of 
ahout north, and a westward dip of 45°, of which a section is afforded by the 
Big Creek Cafion below the forks, while beyond Big Creek the direction of 
the strata changes gradually to the eastward, assuming the prevailing strike 
of the ridge north of this, about north 35° east, and still preserving a westward 
dip of 40° to 45°. 

At the mouth of Big Creek Cafion is a small body of rhyolite, which 
forms the bed-rock of the cafion for a short distance, and extends along the 
lower foot-hills for a couple of miles to the southward; it is a very character- 
istic variety—a reddish-purple rock, of granitoid structure, containing crystals 
of quartz and mica. It seems to be an isolated eruption, and not accompanied 
by any extensive disturbance of the surrounding rocks, though, on the north 
side of the caiion mouth, it is bordered by a breccia, containing fragments of 
the adjoining slates and limestones. On the south side of the cafion the rock 
has an earthy and somewhat decomposed texture and brick-red color, probably 
resulting from solfataric action, of which the traces are still visible in the warm 
spring in the bed of the cafion just above the town. This brick-red variety 
was formerly used as refractory material in the construction of furnaces built 


here, during the early developments of the district, for smelting the galena 
43 
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ores found in the slates of the south fork of the cafion. From here to the 
Point of Rocks extends a body of limestone, resting in general on the slates, 
with a westerly dip. In appearance it does not differ from the other lime- 
stones of the range, being somewhat granular in texture, of a dark-blue color, — 
and largely intersected by narrow seams of white crystalline calcspar. 

The extreme western angle of this western ridge, called, from its bare, 
craggy appearance, Point of Rocks, is composed of propylite, whose eruption 
has been accompanied by a very considerable modification of structure in the 
surrounding rocks; the limestones and slates are found to be dipping away 
from it on either side, and somewhat altered at the contact. The main cen- 
tral mass is a hornblendic propylite, having a greenish-white feldspathic matrix, 
inclosing crystals of opaque, white feldspar and. dark green hornblende; along 
the summit of the ridge this rock has a distinctly columnar structure; at the 
head of the western fork of Kingston Cafion it is found in large lava-like 
blocks, having a dark, somewhat glazed surface; here it has a felsitic texture, 
the feldspar is semi-translucent, of a flesh color, and the hornblende appears 
in green spots, without any distinguishable crystalline structure. It is trav- 
ersed here by a dike of compact, dark rock, resembling andesite, but carrying 
large, rounded grains of limpid quartz, apparently filling vesicular cavities 
through the mass. This central mass of hornblendic propylite is inclosed on 
the west and south by a body of quartz-propylite, which covers its flanks, 
forming the foot-hills on the edge of Reese River Valley, and to the south a 
portion of the crest of the ridge adjoining the limestone shales. This quartz- 
propylite is a later phase of the eruption, being separated from the main body 
on its southern edge by a tufa-like breccia, carrying flinty fragments; it con- 
tains more or less free quartz, and apparently no hornblende, while the central 
mass has hornblende and no quartz; that on the crest of the ridge has a yel- 
lowish paste, inclosing small crystals of white, opaque feldspar, probably oli- 
goclase, which assumes a reddish color on the weathered surfaces of the west- 
ern foot-hills, and is sometimes an entirely homogeneous, white mass, with 
free quartz. 

A ravine marks the line of contact of the propylite with the limestone 
on the north, but on the ridge, where found adjoining the propylite, the lime- 
stone is grayish-white and granular, and dips to the ‘northeast. On the south, 
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for a considerable distance along the ridge, are limestone-shales striking across 
it in an easterly direction, with a southerly dip, forming almost a synclinal 
with the limestones and shales in Smith’s Cafion. A boulder of the Point of 
Rocks propylite was found in this cafion, which may indicate that that body 
extends under the ridge as far as this; as its origin was not discovered it can 
be merely a matter of conjecture. 

From Smith’s Cafion, south to Washington Cafion, extends a body of 
limestone, forming the flanks of the main ridge, now a single crest, having a 
strike parallel to its general direction, and resting on the slate series, which 
are found, higher up in the canon, conformably stratified, while the crest of 
the ridge is of white quartzite and granite, the former resting on the latter 
and dipping westward. ‘These limestones and slates form a high, rounded 
hill, between Crane’s and Washington Cafions, inclosing a considerable inte- 
rior basin, at the head of the latter, which was not visited. 

Beyond Washington Cafion the limestones have changed in direction, hav- 
ing an easterly strike and dipping to the northward, a change which, taken in 
connection with the extension of the granite body to the west at the head of 
San Juan Cafion, and the appearance of rhyolite at the mouth of this cafion, 
would seem to indicate a lateral fracture or fold at this point. 

In these limestones between Washington and Cottonwood Cafions is the 
New Hope Vein, which when visited showed only the croppings of a large 
body of quartz, apparently striking north and south, carrying ores of silver, 
combined with the yellow oxides of lead and blue carbonate of copper. This 
was said to be very rich, yielding $800 to the ton. 

The white quartzite body forms the head of Cottonwood Cafion, and the — 
high point of the main crest above it. At the head of San Juan Cafion, how- 
ever, the granite extends to the west side of the crest, succeeded, as else- 
where, by the quartzites, and lower by the slates, on whose flanks comes the 
rhyolite flow. This granite is noticeable on two accounts; first, that asso- 
ciated with large translucent crystals of orthoclase, it contains smaller crystals 
of a feldspar, which, from the brilliant play of green and blue colors on the 
cleavage facets, would seem to be a labradorite, though none of the crystals in 
the specimens taken were sufficiently well defined to afford a satisfactory 


crystallographical determination ; secondly, that its quartz is mostly in distinct 
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crystals, hexagonal prisms about a sixteenth of an inch in diameter, with per- 
fect hexagonal pointment; the rock has, moreover, a brownish-gray color, 
which seems due to the quartz, which is of a smoky brown. It contains very 
little mica or hornblende. : 

In the slates of San Juan Cafion above the forks are several veins of ar- 
gentiferous galena. The remains of arude furnace, constructed for the reduc- 
tion of their ores, are still visible at the now deserted mining camp of San Juan. 
In the construction of this furnace, blocks of a yellowish, earthy, rhyolitic tufa, 
or breccia, which is found at this point on the south side of the cafion, were 
used. 

The lower part of the spur south of San Juan Cafion is of rhyolite, which 
probably forms the low hills south of this on the western extremities of the 
spurs, which inclose the interior basins at the head of Cross’s and the suc- 
ceeding cafion. To return to the eastern slopes of the range, at the southern 
edge of the mouth of Kingston Cajfion is a curious local occurrence of a rhy- 
olitic breccia-like rock, forming the extreme point of the spur, and having, so 
far as known, no connection with any other bedy of eruptive rock; it is mainly 
an amorphous paste inclosing small, dark, flinty fragments, probably of altered 
slate, but in places a compact feldspathic matrix having a somewhat ribboned 
structure, and inclosing a large amount of free quartz in rounded grains. 

The Bunker Hill slate series, with its dike of syenite, extends to the 
south of Kingston Cafion, forming a rounded mass of hills on the high eastern 
spurs of the main ridge, whose crest topographically bends round the head of 
this cafion. 

In Brassfield Cafion, the second south from Kingston, is the first appear- 
ance of the great central granite body, which extends from here south nearly 
to Summit Cafion. The syenite dike here near the mouth of the cafion is al- 
most identical in appearance and composition with that of Kingston, and like- 
wise impregnated with iron pyrites. The granite is characterized by a very 
large proportion of quartz; it is a fine-grained white rock, containing a little 
white potash mica, and white, easily-decomposed feldspar. In contact with the 
slates which form the lower ends of the spurs, and rest upon it, it passes into 
a granulite carrying little or no mica, and in which the whole mass assumes a 
somewhat homogeneous texture. This granite body rapidly widens out as one 


CENTRAL AND BASTERN NEVADA. 341 


goes south, and a few cafions beyond forms the sharp aiguille-shaped spurs 
called the Needles, which are conspicuously seen from almost any point in the 
valley. Here the width of the granite body is from the very foot-hills to the 
crest of the ridge about five miles, and it continues with great thickness, so as 
to form the mass of the range east of the crest for six or eight miles further 
south. ‘The main crest itself is generally formed of the upturned edges of the 
white quartzite strata, which rest on the granite, inclined to the west, and seem 
to increase in thickness to the south, attaining their greatest body in Summit 
Cafion. On the east of the main body of granite south of the Needles are 
brown quartzose rocks, forming at one point high jagged peaks, representing 
a considerable thickness. The nature and relations of these rocks have not 
been accurately determined. A later dynamical action is here rendered proba- 
ble by the disturbed state of the granite body, which is thrown up in isolated 
broken masses, forming in one instance two flat lenticular-shaped bodies which 
rise a thousand feet from the slopes, their sides smooth and perpendicular, 
leaving an opening scarce a hundred feet wide between them. 

At Indian Pass the granite body is found to be considerably thinner, as 
are also the quartzites; the granite forms steep craggy slopes at the mouth of 
the cafion, on which rest the quartzites, inclosing a huge quartz vein similar 
to that at Ophir Cafion, about 40 feet thick, striking conformably with the strat- 
ification, and with it dipping west; a smaller quartz vein, about six feet wide, 
with the same dip and strike, occurs higher up. The quartzites expose a com- 
paratively small thickness, and as the slates form the upper part of the ridge, 
their debris may cover these to some extent. 

On the western side of the divide, which is crossed by an old Indian 
trail, the interior basin at the head of Cross’s Cafion is in the slates and lime- 
stones, which are still dipping west, but on the lower edge of the basin seem 
to dip slightly to the eastward, resting on the low rhyolite ridge which forms 
the lower foot-hills, and forming a commencement of the synclinal fold that 
is more distinctly seen further south. 

The granite body has about the same thickness in Park Cafion, where 
a brown quartzose rock occurs to the east of it, forming the entrance to the 
cafion below the forks. The granite here has a brownish hue, and seems to 


contain little or no mica, butin its place a green mineral, probably hornblende. 
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It is fine-grained and has a general resemblance to that found in San Juan 
Cafion, and at the mouth of the South Twin River. A vein of mixed pyrites 
and galena, carrying some silver, has been prospected in the slates, above the 
granite, striking with the formation; a mill was commenced at the mouth of 
the cafion to reduce the ore from it. The main ridge of the head of the cafion 
is in the slates, and from here south to near Ophir Cafion continues in the 
slates and limestones, bending across the formation around the head of Summit 
Cafion. 

Clay Cafion, the next south of Park Cafion, is cut through the granite 
body, which extends down to its very mouth. 

In Summit Cafion the granite no longer comes to the surface. This isa 
steep, narrow gorge in the quartzite cliffs as high up as the Buckeye mine, 
where the formation changes; the cafion having a more gentle ascent, opens 
out into a high mountain valley in the slates and limestones, bending round the 
quartzite body to the north near its head. The lower part of the cafion 
affords an excellent section of the quartzite body, showing a thickness of over 
3,000 feet of strata, mainly white, compact quartzite, with occasional intercalated 
strata of limestone which are metamorphosed into a white crystalline marble- 
like rock. In one of these, which seems to mark the dividing line between 
the quartzite and slate series, are the deposits of the Buckeye mine. These 
strata have a north and south strike, and dip at an angle of 45° to the 
west. In the lower part of the cafion they are traversed by a dike 
about 50 feet wide of a dark, compact rock, having a conchoidal fracture, in 
parts of which are found large rounded grains of limpid quartz, apparently 
fillmg previously formed cavities. 

In Wisconsin Cajfion, the next south from Summit, the quartzite series is 
represented only by a few of the white limestone strata, which are found at 
the mouth of the cafion; these are conformable in dip with those of Summit 
Cafion, but strike to the west of north. The rock from one of these strata is 
used for making lime. In the cafion above the forks, the slates are found dip- 
ping at a very steep angle, much confused, and highly metamorphosed. Near 
the forks is a dark-green hornblende schist; their structure is therefore not 
easily recognizable, though probably the same in general as that of the next 
canon south. 
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‘Ophir Cafion presents a very interesting section through a synclinal 
fold in the slates inclosed between two bodies of granite. The lower end of 
the cafion is a narrow gorge cut through the granite body, on which rest met- 
amorphic slates, having a uorth and south strike and dipping west. Near the 
contact of the slates and granite is the large vein which gives its name to the 
cafion, a dike-like body of quartz about 40 feet thick, dipping westward with 
the formation, at an angle of 50°. Above the Murphy ledge, which is near 
the axis of the synclinal, the slates dip about 45° to the east with the same 
north and south strike. At the upper forks of the cafion is found a green 
hornblende slate similar to that in Ophir Cafion. These slates rest on the 
granite, which at this point forms the crest of the ridge. 

The faults found in the Murphy ledge on the north, and the fact that the 
Ophir vein, which is regular and unbroken on the south side of the canon, is 
represented on the northern spur by broken masses of quartz lower down, 
seem to indicate a general faulting and movement to the eastward of the rocks 
in this spur; such a movement, more extended, might perhaps account for the 
non-appearance of the quartzites in Wisconsin Cafion. The upper granite 
body of Ophir Cafion forms the saddle at its head and the main crest for a 
short distance to the north; and, to the south, extends across the head of 
Last Chance Cajfion, its eastern limit seeming to have the same general 
direction with that of the propylite, by which it is replaced in the Twin 
River Cajions. 

The first peak on the main ridge, south of Ophir Cafion—Mount Beseler— 
is of rhyolite, which rock covers the whole western slope of the range, from 
the granite crest to the Reese River Valley. The granite of this upper body 
is a compact, fine-grained variety, of dark color, due to the large proportion of 
dark, magnesian mica, in very perfect hexagonal crystals, entering into its 
composition; it contains, besides, quartz and white orthoclase feldspar; on the 
contact surfaces the mica seems somewhat decomposed and chloritic. 

The rock of the lower body is a protogine-granite, coarse-grained though 
coherent, a white mass of quartz and feldspar, which are so intermingled as to 
render their crystallization very indistinct, inclosing foliated masses of dark- 
green chlorite or talc; this body extends along the eastern edge of the range, 
as far south as the North Twin River Cafion. 
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North of the mouth of the South Twin River Cation is a small body of 
granite, resembling that of San Juan in its brownish hue, which seems here 
likewise to be due to the smoky condition of its quartz; like the latter it con- 
tains a very small proportion of mica, but the crystals of feldspar are so small 
that it is not possible to observe the labradorite-like iridescence of the feld- 
spar of that rock. This granite passes on the west into a fine-grained rock, 
occurring in tabulated masses, having a reddish-brown weathered surface, 
which, to the naked eye, has the appearance of a greenstone, but, under the 
loupe, discloses a crystalline structure, in which small crystals of quartz and 
feldspar are distinguishable. 

Still further south, as far as the Hot Springs, the eastern slopes of the 
range seem to be composed of metamorphic slates. 

In the narrow gorges of the lower Twin River Cafions, the rugged grand- 
eur of whose cliffs surpasses that of any of the other cafions of the range, the 
prevailing rock is a diorite, in general color from dark-green to black, consist- 
ing of a dark-green, hornblendic matrix, containing small crystals of white 
~ feldspar porphyritically imbedded, and locally a few crystals of limpid quartz, 
though the mass of the rock is without quartz; a light-green, transparent 
mineral frequently accompanies the feldspar, which may be an epidote. With 
unimportant variations in general appearance this rock extends from the pro- 
pylite to the granite im either cafion, having an appearance of regular bedding, 
and interstratified, at different points, with highly metamorphosed siliceous 
clay-slates, which predominate near the line of contact with the propylite. 
The whole mass is much broken and confused, so that no satisfactory idea of 
the relative positions of these rocks was formed; hence, on the map they have 
not been distinguished by any distinctive color, but included in the slate belt, 
which occupies the same relative position further north; the whole mass is 
evidently metamorphic, as well as the eastern body of Ophir Cafion granite, 
and in no part of the range has the action of metamorphism been carried so 
far as in this region; a careful and detailed examination of which would doubt- 
less afford many interesting developments with regard to the relations of gran- 
ite to the more recent eruptive rocks, and of these to each other, as well as 
the action of either on the sedimentary rocks. 


In ascending the cafions of the Twin Rivers a similar succession of rocks 
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is met: first, the small granite bodies; then the dark dioritic rocks, forming 
jagged, pinnacled cliffs on either side, and the high, sharp peak between the 
two cafions, and having a horizontal width of about two miles. A small extent 
of slates, in which some quartz veins have been prospected in the North Twin 
River Cajion, separates these rocks from the propylites, which stretch across 
these two cafions in a northwest and southeasterly direction. This would 
seem to be the direction of the propylite fissure from the fact that a some- 
what similar succession of varieties of propylite, having the same general 
strike, is crossed in either cafion. The propylite forms only the entrance to 
the narrow gorges of the lower portions of these cafions, which open out above 
into large interior basins, with comparatively smooth debris-covered slopes; 
in the bottoms of these basins is found the propylite, extending up to near 
their heads, while, except along the line of contact with the slates on the 
northeastern limit of the body, the tops of the higher ridges are formed of 
rhyolite, which extends in a semicircle around these basins, forming the 
summits of the high points above the Hot Spring, and of the Mount Poston 
ridge. 

The propylites are of colors varying from brown and green to mauve and 
white; they consist in general of a homogeneous, feldspathic paste, inclosing 
crystals of white, oligoclase feldspar and light-green hornblende, and, as acces- 
sory constituents, rounded grains of quartz and crystals of bronze-colored 
magnesian mica; only in the green varieties does the hornblende seem to form 
any considerable portion of the rock, and these are also generally free from 
quartz; the quartz is more abundant in the lighter-colored rocks, all of which, 
however, contain a certain amount of hornblende. 

In the north fork of the North Twin River Canon the most quartzose 
variety of propylite found, of a whitish green color, was overlaid by a rhyolite 
of white, compact matrix, inclosing large grains of free quartz, which would 
seem to form a transition between the two rocks; the rhyolite next west of 
the Ophir Cafion granite has also some resemblance to a propylite, being a 
compact, reddish matrix, inclosing crystals of white feldspar with its quartz; 
but neither of these rhyolites contains hornblende or mica, one of which is 


always found in the propylites. 
44 
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On the high ridge which separates South Twin River from the next cafion 
south, a green breccia, of slightly foliated structure, inclosing purple-colored 
siliceous concretions, with quartz crystals disseminated through the mass, 
marks the line of separation of the mauve-colored propylite and the rhyolite, 
which forms the somewhat flat-topped peaks between the head of Twin River 
Cafion and the Hot Springs. This rhyolite has a reddish-gray, microcrystal- 
line, feldspathic matrix, inclosing quartz grains, many of which are quite black, 


so that, at the first glance, they might be taken for mica, but no mica is found ~ 


in the rock; the mass seems vesicular, but the larger cavities are shown to be 
the molds of feldspar crystals, and the same may be true of those which are 
so small that their form cannot be determined; how far this rock extends to 
the south is not known—probably for a considerable distance; it is, however, 
essentially the same rock as the Mount Poston rhyolite, and may be considered 
to form part of the same eruption. ‘The main crest of the range, from Ophir 
Cafion south to Mount Poston, seems to form an independent line of fissure, 
having a direction nearly due north, this ridge being formed of rhyolites which 
have a remarkable uniformity in composition and general appearance; the rhy- 
olite of Mount Beseler only differs from that of Mount Poston in that the latter 
has a more compact matrix and a conchoidal fracture, while the former is more 
vesicular and inclined to crumble on the weathered surfaces; it has a purplish- 
brown color, a rough, trachyte-like paste, carrying crystals of glassy feldspar 
and smoky quartz, with apparently no mica. 

Mount Beseler is a conical-shaped peak, with debris-covered slopes, but 
the ridge is generally rather flat, being formed of rhyolite beds, having a general 
dip to the westward; just north of Mount Poston it spreads out into a wide, 
table-topped hill, on whose edge semicircular, crater-like depressions, sur- 
rounded by steep walls of columnar rhyolite, form the head of some of the 
streams which run together to form the Reese River. 

Mount Poston rises a thousand feet above this ridge in a sharp peak, hay- 
ing on the west a slope of nearly 40°, covered by lava blocks, and on the east 


*The topography of the map is here slightly at fault; the waters of this cafon 
take their rise at the northernmost of the peaks above the Hot Springs, and, flowing 
north, break through the eastern ridge in a gorge similar to those of the Twin River 


Canons, indicated on the map by the short stream next south from the South Twin 
River. 
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almost perpendicular cliffs, in which a rude columnar structure is visible, and 
which extend for a considerable distance north and south, curving slightly to 
the eastward, and inclosing a semicircular basin at the head of the western 
fork of the South Twin River; this one looks from the summit down an 
almost sheer descent of three to four thousand feet. 

The rhyolite flow covers the long western slopes of the ridge, and prob- 
ably extends along them to the north as far as that of San. Juan. 

7 The transverse ridge which connects the Toyabe with the next range 
west, across the head of Reese River Valley, was not visited; rhyolite proba- 
bly forms part of this range, however. 


BAROMETRICAL HEIGHTS. 


6,608, Barometrical station in Marshall’s Cafion. 
fi 6,339, Clifton. 
7,512, Summit of road above Austin. 
8,256, Mount Prometheus. 
10,994, Geneva Peak. 
6,400, Big Creek Cafion mouth. 
8,922, Big Creek Pass. 
10,265, Big Creek Peak. 
9,610, Point of Rocks Peak. 
5,635, Martin’s, Smoky Valley. 
6,782, Globe Cafion mouth. 
10,547, Globe Cafion head. 
11,237, Globe Peak. 
6,247, Kingston. 
11,602, Bunker Hill, south peak. 
11,735, Bunker Hill, north peak. 
8,075, San Juan. 
10,982, San Juan Peak. 
9,057, Indian Pass. 


Nore.—These heights are based on the altitude of Camp Halleck, as determined 
by Lieutenant G. M. Wheeler. 
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6,738, Park Cafion mouth. 

5,426, Alkali Flat, Smoky Valley, west side. 

5,407, Alkali Flat, Smoky Valley, east side. 

7,586, Buckeye Mine, Summit Cafion. 

7,960, Twin River Company’s office, ee Cafion. 
10,285, Ophir Canon Pass. 

6,653, Reese River, at Ione road 

5,929, South Twin River Canon mouth. 
12,143, Mount Poston. 
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Se Cee hON EEL: 
MINING AND MILLING AT REESE RIVER. 


The Reese River mining district is about 160 miles due east from the 
western and nearly midway between the northern and southern boundaries of 
the State of Nevada. Strictly speaking, the term is locally applied to a small 
area, about two miles wide by seven long, within which the first discoveries 
of silver in that part of the State were made, and where is now situated the 
town of Austin. Ina broader sense, it covers the whole of the mining coun- 
try stretching along the Toyabe range of mountains, of which the exploration 
and partial development gradually followed the earlier discoveries just re- 
ferred to. 

The river, from which the name is derived, is a small stream that rises 
in the southern end and on the western slope of the Toyabe range, and 
flows thence, from south to north, toward the Humboldt River, along one 
of those meridional valleys that are characteristic of the great basin. From 
the head-waters of the stream to the Humboldt, the distance is about 
150 miles. It is only in unusually wet seasons, however, that the river has 
sufficient body to reach the valley of the Humboldt. It gradually diminishes . 
in size and, by evaporation and sinking into the soil, finally disappears alto- 
gether, leaving a dry bed to mark its course. 

The first discoveries of silver were made in May, 1862, near the present 
site of the town of Austin, in one of the canons of the western slope of the 
mountains, about 80 miles south of the Humboldt River, where then the Over- 
land Stage road crossed the range. Being on the great line of transcontinental 
travel it was comparatively easy of access, and the region was speedily occu- 
pied by prospectors and miners. Hundreds of outcropping veins were dis- 
covered and thousands of locations were made within an area of a few square 
miles; and although the larger number of these have failed to realize even the 
most moderate hopes of their owners, some of them have proved to be of great 
value. Since its first discovery the district has added several millions to the 
bullion product of the State, and a sufficient number of productive and _profit- 
able mines have been developed to afford a fair guarantee of a successful 
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future, especially under the more favorable conditions of easier access, cheaper 
labor, and improved methods of work. 

AUSTIN AND vicinity.—The city of Austin is the central point of the 
oldest mining district im this part of the State, and, at the same time, the com- 
mercial center and source of supplies of the outlying districts that have been 
gradually formed along the Toyabe range. It has several thousand inhabit- 
ants, and is one of the most important cities of the State. Until the com- 
pletion of the Pacific railroad it lay in the great overland route; now it is 
connected by a line of stages with Argenta, on the railroad, 80 or 90 miles 
distant, by way of the Reese River Valley. The distance from Argenta to 
Sacramento in California is 396 miles. 

The principal mining developments in the region of which Austin is 
about the center are comprised within a belt a half a mile or a mile wide and 
five or six miles long, extending in a northerly and southerly direction. 

The main points within this belt are locally termed Union Hill, in the 
southern part of the ground, then, further north, Central Hill, Lander Hill, 
Telegraph Cafion, Emigrant Cafion, and Yankee Blade. The prevailing coun- 
try-rock of this belt is granite, and all the veins that have so far proved to 
be valuable are inclosed in that rock. These veins are very small, and occur 
in series that have a generally parallel trend from northwest to southeast, though 
not without considerable variation, and dipping to the northeast at various © 
angles between 15 or 20 to 60 or 70 degrees. ‘They vary in width from a 
mere seam, that may be traced with difficulty, to two or three feet ; the pay- 
streak seldom maintains for any considerable length a greater width than two’ 
or three inches, though frequently expanding, for short distances, to five or six, 
and, in a few exceptional cases, measuring eighteen or twenty inches. These 
veins have been disturbed in a remarkable manner by movements of the in- 
closing rock, by means of which they have been broken and displaced. Some 
of these faults are extensive, and are apparently caused by cross-fissures trav- _ 
ersing the system of northwest and southeast veins in a northerly and southerly 
direction, and affecting them all to a greater or less extent; others are more 
local in their character and of less importance, as will be illustrated further on. 


1The writer is indebted to the Hon. J. A. Boatt, Grn. E. A. Wixp, Mussrs. C. A. STETEFELDT, A. 
A. Curtis, C. BF. Horn, C. C. Lanz, and other gentlemen of Austin, for aid in obtaining information con- 
cerning the mining developments of the vicinity; also to Mr. J. M. Burns, formerly of the Reese River 
Reveille, for some statistical records. 
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The ores generally consist of rich silver-bearing minerals, comprising 
pyragyrite, proustite, stephanite, polybasite, tetrahedrite, argentiferous galena, 
zincblende which is believed to carry silver, copper pyrites, and iron pyrites. 
The proportions in which these components are mingled vary a good deal, 
certain portions of some veins carrying the richer silver minerals in such abun- 
dance as to make the average value of the ore several hundred dollars per ton 
throughout entire bodies of large extent, while in others the baser metals 
predominate to that degree that the average value of the ore is too small to 
pay for working. The gangue is chiefly quartz, manganese spar, which is 
very characteristic, and calcspar. Near the surface the ores are usually 
decomposed and altered, carrying hornsilver, and the chlorides, oxides, and 
some salts of the associated metals; they are locally known under the general 
term of “chloride,” and, being easily worked, yielded, in early days, a large 
product with comparatively simple means of extraction. In depth the ores 
have suffered less change; they occur in compact form, and often present in 
their method of arrangement or deposit in the vein a beautifully regular and 
banded structure. 

Lander Hill has always been the most important and productive part of 
the whole district. A very large proportion of all the bullion produced by 
the Austin mines has come from within a small area on the southern slope of 
that hill; and during the last two or three years, since the abatement of the 
prospecting fever, the mining work of the district, with one or two exceptions, 
has been chiefly confined to that locality. 

The outcrops on the hillside are very numerous, and many locations have 
been made, some within ten or twenty feet of each other. Some of these out- 
crops have been proved by actual development to be well defined and persistent 
fissures; others are probably mere seams or branches that pinch out or unite 
with stronger veins in depth; and that many must disappear in this manner 
seems apparent from the fact that the number of veins or fissures cut in the 
deeper crosscuts and shafts, in various parts of the hill, bear a very small pro- 
portion to the number of outcrops at the surface in their immediate vicinity, 


which, if persistent, would appear below. 
The developments on Lander Hill show that within this mineral belt, 
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running north and south, there prevails a zone, more favored than the rest, 
within the limits of which the northwest and southeast veins traversing it are 
especially rich in ores of high value, and beyond which the proportion of base 
metals is greatly increased. ‘This zone, so far as understood, also has a north 
and south direction. On Lander Hill it may be from a quarter to a half mile 
in width. Its western limit is thought to pass through the Diana and the 
Savage mines, so that in passing from the southeastern to the northwestern 
portions of those claims a perceptible diminution of the richer and purer sil- 
ver-bearing minerals, and an increasing predominance of baser metals, such as 
lead, zinc, copper, antimony, and iron, take place. Proceeding still further 
west the proportion of rich silver minerals to the baser compounds becomes 
still less, until the ore is quite too poor to pay for extraction. 

It is within this “rich zone” that are situated the working and producing 
mines of the present day, for only those mines that produce rich ores can 
afford to work under existing conditions. As will be shown further on, the 
costs of mining in small veins, in which the ore is not uniformly distributed, 
are very great, because to obtain one ton of ore, many tons of worthless rock 
must be mined; in addition to which the costs of metallurgical treatment are 
also great. In the “rich zone,’ as well as in the poorer zone, are many 
mines capable of producing low-grade ores, whose development must wait 
until means of concentration of such ores are introduced, or cheaper methods 
of treatment are made practicable. 

Norra Srar Veww.—Probably the most important vein of Lander Hill, 
judging by developments thus far made, is that known as the North Star, on 
which are located the mines of the Buel North Star, the Manhattan, and the 
Timoke. The outcrop of this vein is on the south slope of the hill. It has a 
general direction of northwest and southeast, dipping, under the hill, or to the 
northeast, at an angle varying between 20 and 30 degrees; but both course and 
dip are very irregular, owing to the broken condition of the ground and the many 
faults and displacements of portions of the vein, that are the results of frequent 
movements of the inclosing rock. Like the other veins of Lander Hill, it is 
inclosed in granite. The walls are generally well defined, usually carrying a 
selvage, or gouge, of clay on either side of the vein. In some places the seam 


of clay is wanting, but the wall-rock, in the vicinity of the vein, is much de- 
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composed, forming a soft belt, one or two feet in thickness, that may be easily 

removed with a pick. In other places the vein is filled with a compact body 

of white quartz, either with or without ore, inclosed by hard, unaltered granite 

walls and accompanied by only a thin seam of clay. The width of the vein 

varies from two feet, and sometimes more, to a mere seam, expanding and 

contracting irregularly. In places it maintains an average width of 10 or 12 

inches for a considerable distance, sometimes hundreds of feet, then narrowing 

so that the walls come almost together, leaving only a seam, that cannot be 

traced without difficulty. Not unfrequently the vein shows a width of four 

feet between its walls but consisting of two seams of quartz, between which is 

a mass of softened granite rock. This “horse,” if such it may be termed, re- 

sembles generally the inclosing rock of the vein, but often has a banded or 

stratified appearance. It maintains itself, with varying width, for long dis- 

tances, pinching out finally, the quartz-seams reuniting or, perhaps, being lost 

altogether by a contraction of the two walls, or by a division of the main fis- 

: sure into numerous ill-defined seams and branches. The ore, as exposed in 
the drifts and stopes, usually appears in a pay-streak, an inch or two in width, 
now and then expanding to six inches, and in rare instances to twelve or 
eighteen. ‘Thus, in the Buel mine, in one of the finest, if not altogether the 
best body of ore ever developed on Lander Hill, the pay-seam, consisting of 
ore worth $300 or $400 per ton, had a width of 18 or 20 inches, maintaining, 
for a length of over 100 feet, an average width of 12 or 15 inches. The ore 
consists of quartz, carrying more or less galena, copper pyrites, iron pyrites, 
_and some zincblende, with a rich distribution of stephanite, pyrargyrite or ruby 
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silver, polybasite, and fahlerz. Manganese spar is a characteristic associate of 
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the gangue. Crystallized calcespar occurs with crystallized quartz in cavities. 
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The veins of ore generally present a beautifully banded structure, the various 
minerals above named being arranged in parallel layers, indicating the order 
in which they were successively deposited on the side of the fissure. 

The mode of occurrence of the ore in the vein appears to be in distinct 
bodies, which vary in size from mere pockets, or small bunches, to large de- 


posits, 100 or 200 feet in length and depth. Large portions of the vein, 
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even where possessing considerable width, are barren, or contain ore so 
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sparsely disseminated in small pockets that the whole mass is too poor to pay 
at anything like the present costs of extraction and reduction. On the other 
hand, courses of ore have occurred in all three of the mines above named, 
working on this vein, which, for a distance varying from 50 to more than 100 
feet in horizontal extent, and as much, if not more, in depth, have been con- 
tinuous and rich from one limit to the other. In the Timoke mine the pay 
eround, measuring about 80 feet in length, is said to have been rich from the 
surface down to the 350-foot level, where the vein was cut off by a “slide.” 
The continuation of the vein, beyond the fault, was found also to contain pay 
ore, though, at the time of the writer’s visit, of less value than it had been 
above. — 

Observations concerning the method of distribution of these ore-bodies, 
their position or dip in the vein, and other features, are too meager to show 
any great degree of uniformity existing among them as to their general char- 
acteristics. In mining them the chief object has been to get out the greatest 
quantity at the least expense, and comparatively little attention has been de- 
voted to tracing out their limits, defining their form and position, and afford- 
ing means of comparison of one body with others, or determining their rela- 
tions to each other. A general coincidence of dip to the northwest, lying in 
the plane of the vein, is thought to exist among the larger bodies in this and 
other neighboring veins, though there are some exceptions. Many or most 
of the larger or richer bodies of ore occur in those portions of the vein that 
are intersected by the younger north and south veins, and are cut off abruptly 
by the “slides,” or faults, resulting from such intersections, suggesting the 
possibility that the faulting may have had an influence upon the enriching of 
the vein at these points, a common observation in other mining regions where 
one mineral vein is enriched at its point of intersection with another; but the 
data are not sufficient to do more than suggest the probability. It is also note- 
worthy that the ‘rich zone” referred to on a preceding page has a north and 
south course, corresponding with these cross-fissures. ‘The faults that have 
affected the North Star and other ore-bearing veins in its neighborhood most 
considerably are a series of veins or fissures of more recent origin having a 
general north and south course, and dipping more or less to the west- 
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ward; where most frequently observed by the writer, with an angle of 30 or 
40 degrees from the horizon. Thus in the Timoke the vein is faulted by such 
a cross-course, having a north and south direction and dipping westerly 30 
degrees, throwing the vein 30 or 40 feet. The Manhattan is similarly faulted, 
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the original work of that company haying been performed upon the outcrop, 
supposed to be the continuation of the Timoke, but reaching the fault at no 
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very great depth; after which a vertical shaft was sunk ata point several hun- 
dred feet northeasterly from the outcrop, which struck the vein at a depth of 
af 183 feet. The large body of the ore in the Buel is cut off by a cross-vein 
having similar course and dip to that just described. A fault of this charac- 
ter, as it appears in the Savage Mine, is illustrated on Plate XXVII, Fig. 3, 
concerning which some notes will be found further on. 

The extent of the faulting by these north and south veins may vary from 
30 or 40 feet to, perhaps, several hundred. Some of the most productive 
veins of the district that have thus been faulted have never since been recoy- 
ered. The cross-veins are usually very narrow fissures, carrying little else 
‘than a seam of clay, and, so far as known to the.writer, are not ore-bearing to 
any noteworthy extent. 

Besides these more important faults, occasioned by the cross-veins just 
described, which, there is some reason to believe, traverse the entire system 
of northwest and southeast veins, affecting them all similarly or to some ex- 
tent, there are numerous slighter faults or breaks, occasioned possibly by the 
same general movement of the ground, but in which the vein has broken into 
two parts, of which the upper has slidden, as it were, down hill, away from 
the deeper part. These movements, sometimes many feet in extent, are often 
very slight, frequently but a few inches. In the latter case the two parts of 
the broken vein are visible close together, the upper part, however, having 
slipped down so that the two walls no longer form continuous planes, as they 
| did while in their original position. Such breaks are often repeated at short in- 
: . tervals and do not always create difficulty in following the inclination of the 
r vein with a shaft. Sometimes, however, the fault or movement is great 
enough to throw the two portions of the broken vein so far apart that no in- 
dication of the deeper portion is visible in the shaft, or incline, that may have 


been sunk upon the upper portion from the surface to the point of disloca- 
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tion. In such case the portion of the vein continuing in depth is almost 
always to be sought by driving a cross-cut to the northeast, at right angles to 
the course of the vein, in accordance with the general rule that the surface 
rock or ground inclosing the upper part of the vein has slipped downward, 
leaving the deeper part in the standing ground above. This is illustrated in 
Fig. 1, Plate XX VII. ABCD represents the section of a vein that has been 
faulted, or broken, the ground inclosing the portion nearest the surface having 
slipped downward on the line, a a’, removing that part of the vein, 4 B, from 
its original position, indicated by dotted lines, to a point below, as shown in 
the drawing. A shaft, or incline, sunk from the surface on the part of the 
vein, A B, would encounter the country-rock at B, and a cross-cut driven 
thence in the country-rock, at right-angles to the course of the vein, would 
strike the continuation of the same at E. 

The complication that may easily arise in such cases, giving frequent 
occasion for litigation, may be readily comprehended by supposing that the 
movement of the two disconnected parts of the ven ABCD has been so 
great that another similar vein occurs between the points B and LE, as shown 
in Fig. 2. In this case, the surface of the ground inclosing the vein ABCD 
and the vein F has been moved downward, on the line aa’, so far that the 
continuation of the vein F is in the ground between A Band CD. A cross- 
cut, therefore, from B would first meet with the vem F. Should the latter 
present features similar to those of the vein ABCD, there might be diffi- 
culty in recognizing it as a different vei, thus giving occasion for a dispute 
between the owners or claimants of the vein A BCD and the owners of the 
vein F. 

Timoxe Minr.—This is the southeasternmost of the three mines that have 
been successfully worked on the North Star vein. Though haying but a 
short extent of developed ground it has been one of the most profitable mines 
in the district, considering the amount of capital originally invested. It is 
opened by means of an incline, 80 feet from the northwest boundary line that 
Separates the property from the claim of the Manhattan. The incline follows 
generally the dip of the ledge, which for a distance of 350 feet is about 30 
degrees. The vein presents the general characteristic features already de- 


Plate XXVII. 
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scribed in the foregoing pages. The ore-bearing quartz is from two feet to 
two inches in width, sometimes pinching out altogether, leaving only a small 
clay-seam between the walls of the fissure. The ore-seam, though generally 
narrow, is composed of rich silver-bearing minerals, associated with less base 
metal than is found further to the northwest. Thus far the productive por- 
tion of the ground has been altogether westward of the incline, that is, be- 
tween the incline and the northwest boundary. Some exploring levels have 
been driven to the southeastward, but, so far as the writer is informed, they 
were quite unproductive, the vein being pinched up and barren. 

West of the incline the ground has been almost entirely stoped out from 
the 350-foot level up to the surface; the average value of its milling ore is 
said to have been about $175 per ton. At 350 feet depth in the incline, the 
vein was cut off abruptly by a ‘‘slide” or cross-vein, haying nearly a north and 
south course and dipping to the westward. As the continuation of the vein 
in depth was supposed to be in the ground above, the incline was driven on, 
but at an angle approaching more to the horizontal, dipping about 15 degrees, 
and at a distance of 40 or 50 feet from the slide the ledge was recovered, and 
followed thence for 30 or 40 feet further, when it was again cut off, and had 
not, when last visited by the writer, been found again, although the incline 
had been carried down 30 or 40 feet in its search. The vein between these 
two faults had been explored somewhat, and found to be ore-bearing, but not 
so productive as it had been above the slide first encountered. 

The operations at the incline were conducted with but a small outlay for 
machinery or buildings. A small engine, eight-inch cylinder and sixteen-inch 
stroke, performed the whole of the hoisting, being set up at the mouth of the 
incline and driving by friction-gear a small winding reel. The water, of 
which there was considerable, was removed by a tight box-car, fitted with a 
valve in the bottom in such manner as to allow the car to fill when lowered 
into the sump and bring its load to the surface. According to the quarterly 
returns of the assessor of Lander County, the product of this mine from July 
1, 1865, to September 30, 1868, had been about 975 tons of ore, averaging 
nearly $175 per ton in coin, or a product of about $170,000. 

The statements of the superintendent show that the mine, though small, 


has returned profits to its owners very liberally in proportion to the amount 


358 MINING. INDUSTRY. 


invested; it being represented that the assessments up to the time referred 
to had reached but $7,000, while the dividends returned amounted to 
$25,000. 

In consequence of the impoverishment and loss of the vein, as before 
described, the product of the mine fell off in the summer of 1867. A verti- 
cal shaft, located northeast of the croppings and designed to strike the lode 
in depth, was commenced, but all work was subsequently suspended. The 
mine was idle in the summer of 1869. 

Manuattan Mine.—The Manhattan is one of the most important and 
productive mines in the district. Its claim on the North Star vein is between 
the Timoke and the Buel. It commenced operations on that ledge in 1863, 
sinking an incline on the outcrop, which soon encountered a slide or fault, and 
the work was transferred to a vertical shaft, located several hundred feet to 
the northeast. This shaft, known as the ‘‘ Manhattan,” was sunk through the 
hanging wall of the ledge, striking it at a depth of 183 feet, and passing 
through it, was continued vertically, connections being made with the vein at 
lower levels by cross-cuts from the shaft. 

The first level on the vein was made at the point where it was cut by the 
shaft, 183 feet below the surface; the second at 229 feet, the cross-cut to the 
vein being 87 feet long; the third level was made at a depth of 300 feet, the 
cross-cut to the lode bemg 327 feet long. Hach of these levels was driven 
on the vein for a length of several hundred feet, developing some large and 
valuable bodies of ore. ‘The most productive portion of the mine was found 
by the first and second levels, westerly from the shaft. In these levels the 
drift passed through not less than 100 feet of ore, which was stoped out from 
the second level to a considerable distance above the first, yielding a large 


amount of bullion with profit to the mine. The vein was less rich in the 
third level. 


The development of the vein is carried on at greater depth by means of 
another vertical shaft, known as the “Oregon,” located further up the hill, or 
to the northeast, and sunk vertically. This shaft was originally begun for the 
purpose of working the Oregon ledge, another of the same system of north- 
west and southeast veins, cropping out a little above the North Star. The 


Oregon ledge was opened years ago by an incline and produced ore of a high 
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grade; but the work, as originally commenced, was abandoned, and the shaft 
here referred to was sunk to cut the vein in depth. The shaft, however, 
passed through the supposed region of the vein without cutting anything that 
could be identified as the Oregon; and was then continued for the purpose of 
working the North Star vein at greater depth than could be conveniently 
reached by the Manhattan shaft. The Oregon shaft cuts the North Star vein, 
or what is recognized as such, at a depth of 511 feet from the surface; and 
at this point another level is opened on the vein, which is about 100 feet ver- 
tically lower than the lowest level opened by the Manhattan shaft. On this 
level drifts are run both east and west. The latter, in September, 1869, was 
500 feet long. The east drift was not extended so far. They are connected 
by a winze with the level above and some productive stopes have been made 
in the intermediate ground; but the vein at this depth seems less abundant in 
rich ore than were some portions of the higher levels. The production of the 
mine has, however, been well sustained. 

Throughout these works, the extent of which has been briefly indicated, 
the vein presents the general characteristics already described. 'The western 
portion of the mine appears to be the richest, but the difficulty of working it 
is much increased by the disturbances or movements which have taken place 
in the ground, breaking the continuity of the vein. The chief cause of this 
appears to be a cross-vein, striking about north and south, and dipping west- 
ward at an angle of about 30 or 40 degrees, along which line of fracture the 
country-rock seems to have moved. This slide or fault is encountered in each 
of the levels from the surface to the bottom of the mine. Search has been 
made on each level beyond the slide for the continuation of the vein, but with- 
out entirely satisfactory results. On the bottom-level the slide was found be- 
tween 300 and 400 feet west of the shaft; by driving on through it a short 
distance, a vein, having the course, dip, and some of the general characteristics 
of the North Star, was found and followed for more than 100 feet; but it was 
poor in ore, almost entirely barren in places, and there was much doubt as to 
whether it was the continuation of the North Star or some other vein of the 
series. 


This may illustrate one of the great difficulties experienced in working 
the mines of Lander Hill. The veins, or what are recognized as such near 
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the surface, are very numerous, somewhat irregular as te course and dip, so 
that their place in depth cannot be closely calculated, and many of them are 
of doubtful permanency. 

Their width is also irregular, so that if one be cut in depth by a shaft or 
tunnel, at a place where the walls are pinched together, it might be passed 
without notice or identification. The faults, or slides, by which a whole series 
of veins may be displaced, are also many, and are imperfectly understood. 
The result is that when a vein is lost a search for its recovery may find one 
or more veins, but without making it possible to decide very clearly as to the 
identity of either of them. Under these conditions scarcely any of the com- 
panies, mining at any considerable depth, have any positive assurance that 
they are working on the same vein upon which their claims were located on ~ 
the surface. 

The field open for litigation under this state of affairs is very wide. In 
effect, however, the number of companies working at present is very small, 
the high costs of all mining operations having caused the suspension of work 
on most claims; and the policy generally adopted by those who continue is to 
take whatever they can get wherever they find it, until an adverse claim is 
proved to be good; and this, under existing conditions, is not often practicable. 

The work of the Manhattan mine is a fair illustration of the general 
method of operations in the other mines of the district, and its accounts prob- 
ably furnish the most reliable data concerning the costs of mining and milling. 
Some statements of this nature are given below, for which the writer is in- 
debted to Mr. A. A. Curtis, the agent of the company at Austin. 

The vertical shafts, through which the work of the mine is carried on, 
are about 12 or 13 feet by 4 feet, inside the timbers, divided into three com- 
partments, two for hoisting and one for pumping. The ground is firm, and 
the timbering consequently light, the shafts being lined with plank, without 
heavy timber framing. Hoisting is done with cages similar to those in use in 
Virginia City, already described. The water is raised from the bottom of the 
Manhattan shaft by a six-inch force-pump. The power for hoisting and 
pumping is furnished, at that shaft, by a steam-engine, having a cylinder of 
12 inches diameter by 24 inches stroke. Friction-gear is used for hoisting, 
and on the same shaft which carries the drivers for the winding drums is a 
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toothed pinion, geared to the driving wheel of the pump. The Oregon shaft, 
having about the same dimensions as the Manhattan, and resembling it in 
general features, was 553 feet deep in September, 1869. The average cost, 
per foot, of sinking this shaft, including expense of timbering and of operating 
the hoisting and pumping machinery, amounted to $68 93. 

An idea of the items making up this total is presented in the following 
statement of costs for the month of March, 1868, during which 42 feet were 
sunk, the shaft being, at that time, between 300 and 400 feet deep: 


, Per foot. 
STELIOS. 2D. Sfeeih eon acs ane eee SoS on aes SaeE RES ae ne seas eee $26 38 
Hoisting machinery, engineers, carmen, &c.--------------<-------+---- 13 29 
Matenialsconsumeds timber, lumber, &c....-.----..---2+--.----022-- 15 89- 
JPllase sok fen ces dos 35 Eee ee re Beer 
Supplies pawder, candles, fuse, steel, &e-.----.----+...-------<-+-- DeAe 
Work in, preparimg and, placing timbers--.-....--.-----..--...--------- 1 67 
seilie Wig. VunnlsGig Qe es-eeede le oe e ee eae ee 2 36 
68 78 


This shaft is substantially equipped with hoisting and pumping machin- 
ery. One engine, having a cylinder of 10 inches diameter and 20 inches 
stroke, is already in place for hoisting. The pumping engine and pump, for 
which provision is made, are not yet in place; the water is now raised by a 
water barrel. 

The total cost of sinking this shaft, incurred previous to December 81, 
1868, appears from the accounts of the company to amount to about $58,000, 
including all outlay for buildings, machinery, &c., &c. 

The costs of mining, per ton of ore produced, are very large, as they 
naturally must be where the vein is so narrow that the quantity of workable 
ore produced is but a small proportion of the whole amount of rock broken 
and raised to the surface." These costs vary considerably from month to 


1In J. Ross Browne’s report, Mineral Resources, 1868, concerning the Florida 
mine, on Lander Hill, it is said that 4,000 tons of country-rock were mined in producing 
317 tons of ore, or one ton of ore in 12,5, tons of rock brought to the surface. 

46 
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month, on account of the changeable character of the ground; since the pro- 
portion of necessary dead-work to the quantity of ore obtained will vary 
according to the richness of the vein at, any given time; and much of the 
expense of mining must be incurred whether the product be great or small. 

The accounts of the mine show that the average cost of drifting 500 feet 
from the bottom of the Oregon shaft was $10 76 per foot. The average cost 
of stoping or breasting ore, already rendered accessible by drifts or tunnels, 
is equal to $25 or $30 per ton. 

To the foregoing are to be added the costs of handling and moving ores, 
hoisting and pumping, maintaining and operating the machinery, &c. The 
costs of timbermg are light, because the veins are small and the ground is 
comparatively firm. 

During fifteen months previous to January 1, 1868, the costs of mining 
23364828 tons of ore amounted to $105,342 12, or an average of about $45 
per ton. In 1868 these costs were still larger, as may be seen by the fol- 
lowing statement, showing the expenditures for mining work during that 
year, when 1,988 tons of ore were produced. The whole number of days’ 
work employed in the mine, for extracting and for prospecting, was 20,613, 
of which amount 13,662 days were expended in the first-named department 
of labor, and 6,951 days in the latter. | 


The cost tor labor am extraction wes) 2. --e- es eer ere $54, 910 00 
And dividing other items of expense in the same proportion, we 
have for cost of running cars and machinery and repairing 


tools 22nd cbse es ence ote Oe ae ae eee re ee eee -» 18, 636 02 
Supplies, fuel, timber, and! sumdries--2 2225-22) 2-2 - === eee 22,853 43 
Cost of sorting ores, and other incidental es se dasgasassesc00~ 8,875 00 


100,274 45 


The additional costs for prospecting work were— 


For labor, 6,95 1-\daysesess022 5:20) ane ee eee eee $27, 836 00 
Cars and machinery ere -erreree = rerereeeee aN epee pees hia 0, 23s 
Supplies, “fuel, timber, aces - ss ease eee eee nee eee --- 11,627 44 

48,945 17 
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We have, in this case, an expense, per ton, for mining, of $50 44; and 
for prospecting, an expense, per ton of ore produced from the mine, equal to 
$24 61; making a total of $75. 

If, to the actual mining costs given above, amounting to $45 per ton in 
1867, and to $50 44 per ton in 1868, the costs of milling, averaging $35 per 
ton, be added, it will be readily seen that the ore must yield, at least, $80 or 
$85 per ton in order to meet the expense of extraction and reduction alone, 
without allowing anything for extraordinary outlay in prospecting, amounting, 
as we have seen, in 1868, to $24 61 per ton, or for the other expenses of the 
business, such as general improvements, repairs, and incidentals; since the 
figures above given include nothing but expenses actually incurred in extract- 
ing the ore from the mine and treating it in the mill. 

The nature and amount of other expenses may be shown by the follow- 
ing “Statement of Earnings,” taken from the company’s published report for 
the year ending December 31, 1868: 


Ores from North Star, or Manhattan mine, 1,9543974 tons, 


pa TOein Se ce Pee ee sa ae tie $290, 227 79 
MEM OF OxPENSES si Sanco eo e haces ean sce se $148, 269 89 
NIN SKERPONSES Joeeacsse lance sa25- 5-95. 04,994 Td 
226, 202 62 
Net profit on company’s ores..........-..-.----..- — $64, 025 17 
Profit on working custom ores in mill: 
3,4432385 tons, producing..-.....-.--.-.--.- 912, 954. 47 
Milling @xpensegee na aa0 gece s~ teicereie = 2 Ja'ss = 135, 342 05 
——— 177,612 42 
Cost of same, returned to customer..-.-.--.--..- 864, 310 87 
Less custom price for milling................ 156,109 87 
—- 708, 201 00 
Neti protien GustomlOres:—5- 2-4 -2-2-22--- = 7-1-9 9, — 69, 411 42 
Royalty on ores worked by other parties..........--..--.---.------+--- 9,311 88 
IPVO NES tae ot = er Sobinic s boo Stic oki COS DODO Beane BU Ee Oe CBee Dene coer a 157 00 
[eisai S Oi \oNGI. .'. 22. ose ccenccosnocondsasseseasebedeecesoccnes 23,188 74. 
JSrgiirins Cm Cheah On GW MOUS sfocaccocoseceodopenn epeaseoueonsses 7,075 13 


173,169 34 
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Less other expenses : 

Freight on bullion, Austin to San Francisco........------ $18, 825 73 
Freight and insurance, San Francisco to New York.-...-.-. 20, 245 89 
Discount on drafts on San Francisco..........---.--..-.- 6,015 83 
Reclamations\ony bullion’ pears ee ee eee 1,956 62 
NGM OP Meee ococc5 sss sooo sosSoGuSosbobscbosSeses os 5,355 17 
Worl on! Ores onbminte aeereet ee eeeee 1, 820 00 
NOP oncs Gace bscccossescscacnsacpassgespuarodastanesecc 9,923 60 
doe) THOSE NCE. 4 soos ssa55ac5 se ceases sss 2oSaccoaseces 2,644 89 
HOMES EICOOWIN an oa mane snopao been anpendoouseeon sence 965 82 
AUStin Cxpense sac cOumibpe erent tart eee ae etl clatter eee 4,156 75 
New York expense account.--..-.---. + goacsSscccssessea5 8,177 57 
Sundry losses 22.2 cee seer cine se een tye ceoae eat 801 43 


$80, 889 30 


Net earnings from mine, mill, and all other sources, 
during S632 223 cee eres ee ee ete eer a aes =e olen. Soper 92, 280 04 


The following statement of disposition of earnings shows the various 
outlays for general improvements not included in the foregoing: 


Surplus on hands woecemberiol WOO (jammer alee eee ee ital $64, 892 70 
Harnings imelSOSar 82 so. cers ce ens eel oe ee win lnle craves = oaetatenes eee 92, 280 04 
157,172 74 
Expended in Oregon shaft...-.-..--------- =. MeeeE eee ee $39, 435 90 
Oregon hoisting works: 2222222222. 2s2250- 45 12,494 04. 
Manhattan hoisting works...............----- 1,553 69 
oT improvements sree er eet eee era 10, 721 22 
General improvements ...........-....----.-.- 2,526 10 
Ethan Allen mine]: e- reset ee eee sere ee 4,989 52 
inealvestapey purchased ase eae eee eer ee 2, 290 05 
Office furmitmreye yee eee eee as SOE ESS 89 22 
74,099 74 
Leaving on hand supplies and funds amounting to.-........--... 83,073 00 
To which may be added the value of 94 tons of ore.......-----.--e-. 1+. 12,000 00 
Making in all... o¢s2n60 3s eee bole ee ee ee 95, 073 00 
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From the foregoing accounts may be deduced the following results : 


, Average yield, per ton, of Manhattan ores..........-..-.-.-------.------- $148 45 
a Average mining expense, per ton, of Manhattan ores.......-....--.--.---- 75 84 
4 Average milling expense, per ton, of Manhattan ores.......--..-....------ 39 86 
: PA eTARE Wield DELO Of \CUSLOMMOLES 1c). 2 a ),6.5 nla = siaiayetteaers Stic wine eicinale.m alee 265 10 

Average milling expense, per ton, of custom ores..........+-..----+------- 39 30 

i‘; Average milline price, per ton, Of CUSLOM OLS =. ..-- . 4-2-2 see ene see 45 30 

Average profit on Manhattan ores over actual costs of mining and milling... 382 75 
OV OAS Ou E Ceo Oly CUNCONN OLESete tra eat yal ebaaicre nym ar) a\eherfejc e aiein aren aie cieimiciae ieee 20 15 
Average of other expenses, amounting to $80,889 30, on all ores, from Man- 
hattan mine and from customers, 5,398 tons, per ton....-..-..-------+--- 15 00 
iz 

it The Manhattan Company, like many mining enterprises, has had a varied 

| P experience of good and ill-fortune. In the earlier years of development the out- 


— 


lay for mining and reduction works far exceeded the value of their product, and 
in May, 1866, the owners found themselves with a mine opened for work and 


equipped with hoisting machinery, a mill with only a part of its present capacity, 
and a debt of $180,000, in the shape of bonds issued to cover their obligations. 
During the eighteen months ensuing, the mine was unusually productive, the 
net earnings from September 30, 1866, to January 1, 1868, amounting, accord- 
ing to the books of the company, to $245,355 64, discharging the debt and 
adding considerably to the equipment and improvements of the mining and 


milling works; $34,000 having been expended, within that period, in improve- 
ments and repairs at the mill, and $10,000 on the hoisting works of the North 
Star and Oregon shafts. 


ee eT ee eh oe rar ge ro ee 


According to the quarterly returns of the assessor for Lander County the 
product of this mine from June 30, 1865, to June 30, 1869, amounted to more 
than $800,000. 

Buet.—The Buel North Star is the northwestern neighbor of the Man- 
hattan, on the North Star ledge, having a claim of 1,000 feet in length. It 
has been working several years with variable fortunes, but of late has placed 


——e 
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itself among the largest producing and, probably, most profitable mines of 
4 the district. The general features of the vein need no further description. 
The work on the mine was begun on the outcrop by an incline which followed 


the dip of the ledge pretty nearly, losing the vein repeatedly by reason of its 
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frequent breaks and slides, but recovering it again without much trouble, until, 
ata depth of 384 feet from the surface, measured on the dip of the ledge, a 
fault was encountered by which the vein was cut off. The incline was con- 
tinued 66 feet further without finding traces of the ledge, and then a level was 
driven horizontally from the bottora of the incline, in a northeasterly direction, 
in the belief that the vein was in the ground above. At a distance of 225 
feet from the bottom of the incline, or 675 feet from its mouth at the surface, 
the lost vein, or what is believed to be such, was found again, carrying, at the 
point where cut, a good seam of ore, which subsequent developments proved 
to be one of the most valuable discoveries ever made on Lander Hill. From 
the point in the vein intersected by the cross-cut, drifts were run east and west. 
The former, at about 30 feet from the starting point, encountered another 
slide, striking north and south and dipping west, which cut the vein entirely 
off; but the western drift developed a body of ore more than 100 feet in 
length and extending an equal or greater distance above the level, having an 
average thickness of 12 or 15 inches of solid mineral. The general charac- 
teristics of this occurrence were such as have been already described, but 
the ore was unusually rich in silver, and proved to be a source of wealth to 
the company. 

In order to carry on the work of mining on deeper levels the Buel North 
Star Company formed a consolidation of interest with the Lane and Fuller 
Company. The latter, chiefly owned by the principal stockholders of the for- 
mer, had sunk a vertical shaft, located higher up the hill, about 800 or 900 
feet northeast of the incline, and already about 300 feet deep at the time of 
the consolidation of the two concerns. The sinking of this shaft was con- 
tinued by the new company, under the name of The Lane and Fuller, and, at 
a depth of 400 feet, was connected with the vein by a drift, which, running 
with an irregular course, but generally in a southwesterly direction, cut the 
ledge at a distance of 200 or 800 feet from the shaft. From this point the 
drift is carried on some 300 feet in the ledge, and when visited by the writer 
in September, 1869, had opened an excellent body of ore. In the western 
extremity the ore was less rich, as it was there approaching the region of the 
base metals; but there was a stope over 100 feet in length in which the show 
of ore was as fine as any ever seen in the mine. The eastern limit of this ore- 
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body. is a fault, or slide, which appeared to be the same that had been encoun- 
tered in the upper levels, and which has already been noticed. The distance, 
upward, from this lower level to the deepest level opened by the incline is 230 
feet, measured on the dip of the ledge, and a large portion of this ground 
appears to be productive. | 

At the time referred to there were 45 men at work in the mine. The 
production of ore was varying between 100 and 200 tons per month. All 
hoisting and pumping was done through the Lane and Fuller shaft, the old 


_ works at the incline having been abandoned. The shaft was still sinking and 


had reached a depth of 500 feet. It is sunk in three compartments, two for 
hoisting and one for pumping. It is cased with plank, no heavy frames of 
timber being required. The shaft is provided with two engines, each having 
cylinders 10 inches in diameter and 20 inches stroke; one of these is used 
for hoisting, driving friction-gear; the other is employed in pumping; but 


both are so placed that one may do the work of the other if necessary. The 


pump is a force-pump, six inches in diameter and four-foot stroke. The object 
of this shaft is not only to work the North Star ledge, but to afford the means 
for the discovery and development of other veins. It has already cut a num- 
ber of ledges, some of which are thought to be identified with some of those 
cropping out on the hill below the shaft; others of which are claimed as new. 

The veins cut in the shaft to the depth of 300 feet are described as 


follows: 
Depth. 
Black ledge, cropping at the surface, near the shaft, cut at.....---- 10 feet. 


Florida, cropping at the surface, extension of Florida company’s vein 103 feet. 
Oleander, cropping at the surface, extension of Oleander company’s 


WEiiliSee cae BSS canes Ot e SEE ee Iowa Rete Sane eee ea 130 feet. 
Miner, claimed as hitherto unknown.....--------------+-+-++++++++- 140 feet. 
Tyler, claimed as hitherto unknown...--------.---------------++++- 160 feet. 
Dyer, claimed as hitherto unknown...-..-----.----------+-+--:++-++ 233 feet. 
Warren, claimed as hitherto unknown...-.----- godeoctenesensene sae. 285 feet. 


The last named is described as four feet thick and carrying valuable ore. 
_It has been worked to some extent. At a depth of 400 feet, a drift is car- 
ried in a northeasterly direction from the shaft, which at a distance of little 
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more than 100 feet cuts a ledge supposed to be the Warren. ‘The explora- 
tion of this was in progress in September, 1869, but no very definite results 
had then been obtained. 

The costs of mining and milling operations appear to be no less in the 
Lane and Fuller than in the Manhattan mine. The company published a 
report for the year ending June 30, 1869, from which the statement of 
expenditures given below is drawn. The account is not sufficiently analytical 
in its character to show the relation existing between the cost of prospecting 
and improvements on one hand, and the actual mining and milling expense on 
the other. During the year, however, the shaft was sunk from a depth of 
about 300 feet to a depth of 445 feet; 3,282 feet of drifts were run. An addi- 
tional engine of 30 horse-power was placed at the shaft-house and the pump 
was provided and set in the mine. A fire-engine and steam saw were also 
purchased. The product during the time was 1,029338 tons of ore, which 
yielded $224,050 38, averaging $217 68 per ton. It will be seen that the 
total expenditure for current operations, prospecting and improvements taken 
altogether, amount to over $200 per ton of ore produced. 


Expenditures of the Lane and Fuller mine for the year ending Fuly 1, 1869. 


For— Amount. For— Amount. 
Hardware): 20) Sista ieee ee $3, 253 07 Interest andexchange -. - . $2, 246 86 
Incidentaliexpensesu=s- iin 8, 107 18 Expense fa) weiss eee pion Revie 5,750 00 
Lumber: 0/3) 0=- ue eee ee IO, 203 79 Woods ve 7 ni Sy oa 8,458 oL 
Labor 20 6%.) eee Q7, O11 25 Contract? Seo vs) ere eee oe 5,140 31 
Machinery 53\2)- n= t-ee eee 3,017 63 Gi eee Ree ee Abt rad 400 00 
Supplies=—.5 o> "eae= ts wees 9, 930 03 WGI SS ee Se 46,178 24 
Bikey 5 5 5 S 6 6 40 II Wuiticatiomjess oy), cols eeatnee 2,109 85 
Charcoal, 2: vi 2 es eee 934 02 TRA 22 Ee ER ens Sh dye eee 3, 896 64 
Welesaymine - = 2 s 6 2 « 494 76 AiSSaly ge) 2h OR RT oats Rte tae 8 2 _ 253 50 
Fiauliney ss) 7...) ase! Seema I, 478 45 Freight (2,200. Meni ech ee ae gir 48 
COMsimnOHOn . 5 5s 5s = 2 « 2,417 00 
212, 833 08 


The total product of this mine from September 30, 1866, to July 1, 
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1869, appears, from the assessor's returns and other sources of information, 
to be about $325,000, coin. 

There are many other mines on Lander Hill, some of which have been 
extensively developed; but the high price of labor, the great cost of working 
such small veins, and the expensive methods of treatment that are necessary 
in order to extract the silver from the ore when once obtained, have caused, at 
least for a time, a suspension of operations in most of them. A few men 
were still working on persistently in 1868, when the White Pine discoveries 
began to attract attention, and such was the excitement that followed this 
event, that both labor and capital were diverted from all the neighboring 
localities toward the new El Dorado. Owing to this and other causes many 
of those who were then working at Austin suspended labor; and in 1869 
only two or three companies were still active. The chief of these were the 
two mines already described. 

Some of the other principal mines of Lander Hill that have been 
worked considerably, and until within a year or two, are the Troy, Florida, 
South American, Magnolia, and Diana. The Savage and Great Eastern, also 
on Lander Hill, were very productive mines in former years, but having ex- 
hausted their known sources of ore, have been idle for a longer period than 
those just mentioned. 

The Whitlatch Union, on the southern slope of Union Hill, a mile or 
more south from Lander Hill, has been an important and productive mine, but 
is now in the same condition as the last-named; and its neighbors, the 
Camargo and others, have long been idle. 

In Yankee Blade Caiion, two or three miles north of Lander Hill, is sit- 
uated the Yankee Blade mine, opened and extensively worked some years 
ago, producing some bullion, but allowed to lie idle for several years. This 
mine has again resumed operations under a new organization. In this portion 
of the district are many other ledges, partly developed, but for the present 
closed, partly owing to want of capital and partly to serious disappointments 
that have destroyed confidence in their value. <A detailed description of all 
these mines, which in their natural features and methods of development 
have a great deal in common, and some of which have been already described 


in other works, is unnecessary here. A few notes concerning the more im- 
47 
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portant of them will suffice to indicate the extent to which they have been 
developed. 

Troy.—The Troy ledge crops out on Lander Hill, just below the Florida, 
and is worked by an incline, which is located close by the Lane and Fuller 
shaft, just referred to. ‘The company claim 800 feet onthe ledge. Its course 
is north 40° west, true, and its dip 20° to 30° northeasterly. The incline, 
dipping with the vein, is 284 feet deep, from which drifts, from 200 to 400 
feet in length, have been run in the vein on three several levels, at 158, 222, 
and 284 feet from the surface. The chief source of ore was found in the 
upper portion of the ground. The ore occurred in pockets and bunches, of 
a high grade in value, but not in large bodies. It resembles generally that 
already described. The incline is provided with very well arranged hoisting 
machinery, an engine, with a 12-inch cylinder, driving friction-gear. The 
cost of these hoisting works, including boiler, engine, winding apparatus, &c., 
was about $7,000. The average value of the ore produced is about $190 to 
$200 per ton. On the 28th April, 1868, the books of the mine showed an 
expenditure of little over $70,000, while the production amounted to little 
over $35,000 in coin. | 

According to the quarterly returns of the assessor for the county the 
total production of this mine, from June 30, 1865, to June 30, 1869, amounted 
to 278 tons of ore, averaging little over $190 per ton, or, in the aggregate, 
about $53,000 in coin. 

Friorma.—The Florida ledge is worked by the New York and Austin 
Silver Mining Company. Their claim, originally 800 feet in length, is reduced 
to 550 by compromise with the Magnolia, a company adjoining them on the 
west, working on what was formerly located as a separate vein, but afterward 
proved to be the same as the Florida, or one of its branches. ‘The course of 
the ledge is north 50° west, dipping northeasterly at about 30°. ‘The incline 
by which it is worked is 500 feet long, from which drifts are run on five 
levels, generally 100 feet apart. These levels, excepting the lowest, are from 
100 to 200 feet in length, and have developed a large body of rich ore, which 
was from 100 to 130 feet in length, measured along the drift, the vein being 
from four or five to sixteen inches wide in places. From the 400-foot level 


up to the surface everything known to be worth mining, within the limits 
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explored, had been stoped out in 1868, shortly before the mine closed; but 
there was still a good show of ore between the 400-foot and 500-foot levels, 
where the ground was standing. According to the quarterly returns of the 
county assessor the product of this mine, from September 30, 1866, to June 
30, 1869, amounted to about 1,000 tons, yielding about $236,000 in coin. 
The profits of this work are said by the superintendent, Mr. HE. A. Sher- 
man, to be about $100,000, currency, which amount, however, has been re- 
invested in machinery for the mine, and in the prosecution of other exploring 
works. These latter consist mainly in two vertical shafts, located on the 
ridge of the hill, or “‘ divide,” overlooking the opposite valley. These shafts 
were projected to be sunk to the depth of a thousand feet or more, with the 
view of striking and working some of the ledges belonging to the company 
and cropping out on Lander Hill; also, with the somewhat visionary expecta- 
tion of finding the many seams and fissures of the surface concentrated in 
one grand vein below. ‘The Sherman shaft had reached a depth of 250 feet. 
It is 15 feet by 5, divided into three compartments, cased with three-inch 
plank. It is liberally provided with hoisting power, an engine, with cylinder 
of 16 inches diameter by 34 inches stroke, driving friction gear for hoisting, 
and furnished with pumping gear. ‘Two tubular boilers, 50 inches in diam- 
eter, supply steam. The sinking of the shaft to depth mentioned above, and 
equipment of machinery, cost $56,000. The Burns shaft is located 1,500 
feet west, and is similar in character and purpose. It is not yet provided with 
machinery. It is 90 feet deep, and has cost $12,000. The work on both 
these enterprises had been suspended in the summer of 1868. Neither had, 
at that time, made any important developments. The mine itself suspended 
operations in 1869. | 
Diana.—The Diana is situated below most of the important veins on Lan- 
der Hill, and is on the western portion of the ground, its ores partaking of the 
character of the baser zone, that lies west of the richer mines. Its course is 
north 15° west, true, and it dips from 45° to 50° easterly. The claim is 1,200 
feet long. On the surface the vein was stripped for 180 or 200 feet in length, 
yielding rich chloride ores; in depth it has been worked some 300 feet, yield- 
ing some ore of high grade, but the greater part of it is mixed with base 


metals, which not only diminish the value but increase the cost of treatment. 
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The distribution of ore has thus far proved to be irregular, even as compared 
with other mines of Lander Hill, increasing consequently the costs of mining. 
During the summer of 1868 the work on this mine was suspended, two years 
or more of careful management, under the superintendence of General E. A. 
Wild, having shown that, under existing conditions and prices for mining and _ 
milling, it cannot be profitably worked. 

According to the returns of the assessor the mine has produced, from 
June 30, 1865, to January 1, 1869, about 900 tons of ore, averaging about 
$130 per ton, or aggregating $117,000 in gold. 

Savace.—The Savage has been one of the most important and productive 
mines of Lander Hill. The ledge crops out not far below the North Star, and 
the developments of the mine are nearly south from the work of the Buel mine 
on that ledge. The course of the vein in the Savage is north 54° west, true, 
dipping quite regularly, at least to a considerable depth, at about 56°. The 
vein is one of the best defined and strongest in the district, maintaining a 
width of 12 inches, and sometimes much more, throughout a large portion of 
the work. The surface yielded a good deal of rich “chloride” ore. In 
depth the mine is opened by an incline, J, extending 350 feet, from which 
three levels have been driven, as shown in the section represented in Fig. 38, 
Plate XX VII. The mine was filled with water, below the first level, at 140 
feet depth, when visited by the writer, and the section is therefore prepared 
from memoranda furnished by the superintendent, Mr. Hurlbut. The fig- 
ures may vary slightly from the actual truth, being given from memory, but 
they will serve to illustrate some interesting points in the mode of occurrence 
of the ore-courses in this and neighboring veins. 

The incline is 450 feet from the southeast boundary line, dividing the 
property from the Southern Light. The pay-ore has been almost entirely 
between the incline and this boundary. The first level was driven to the 
line, and, excepting a few feet near the shaft, was in good ore throughout the 
whole distance. The second level found the pay-ground a little further from 
the shaft than in the level above, and, being driven through it, encountered a 
slide, or fault, ff, at about 50 feet before reaching the boundary line. The 
-cross-vein, causing the fault, has a nearly north and south course, and dips 
westerly 35° to 45°. The third level found the pay-ground still further from 
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the incline, and the line of faulting at 250 feet from the incline, or 200 feet 
from the boundary. The section shows accordingly that the fault approaches 
the shaft in depth, diminishing, with every foot sunk, the- extent of the ore- 
body. On the opposite side of the shaft, or incline, the ground has been 
drifted through, but little of importance has thus far been found. 

Some efforts have been made to find the continuation of the vein beyond 
the fault, and for this purpose a cross-cut was driven northerly and easterly, 
nearly along the line of movement, several hundred feet, but without satisfac- 
tory result. There is reason to believe that this is the same slide that crosses 
the North Star vein, and displaces it, in the Buel mine. 

The existing condition of affairs is, therefore, that all the ore in sight has 
been worked out, since the available ground between the incline and the 
fault would be very little on the next level. While exhausting the ore-ground 
the machinery was not sufficient to serve in the regular work of the mine and 
in further exploration at the same time; thus, without reserves for the future, 
and now without funds, the mine has suspended operations. The incline to 
the first level is in good order. Below that point the mine is full of water. 
The machinery at the shaft consists of a small engine, a six-inch cylinder, 
driving friction-gear for hoisting, and working a small pump. 

According to the returns of the assessor for the county this mine pro- 
duced, from June 30, 1865, to June 30, 1867, a little over 2,000 tons of ore, 
yielding about $250,000 in coin, and from June 30, 1867, to June 30, 1868, 
113 tons, yielding about $20,000 in currency. 

Great Hastern.—The Great Eastern is another formerly productive but 
now idle mine. It is situated considerably east or southeast of the main group 
of mines on Lander Hill. It was worked to the depth of 300 or 400 feet by 
means of an incline and, subsequently, a vertical shaft, the latter being equipped 
~ with good hoisting and pumping machinery. ‘The work showed the ure to be 
essentially in one course or body, beginning about 100 feet from the surface 
and being about 160 feet in its longest direction, dipping with the vein, and 140 
feet in horizontal measurement. The ore was of excellent quality, having the 
general characteristics already described. It yielded about 1,000 tons, giving 
$250,000. At the time of suspension of operations the expenditures for 
mining, equipment, and exploration were about $70,000 in excess of the pro- 
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duct. At the bottom of the vertical shaft, 320 feet deep, a cross-cut, at right- 
angles to the general course of the veins, had been run in each direction, hay- 
ing an aggregate length of over 1,000 feet; one end of this cross-cut is 500 
feet vertically below the surface. Excepting the vein worked by the com- 
pany, this cross-cut is said to have developed nothing important. 'The hoisting 
machinery has been sold since the suspension of mining operations, and re- 
moved to a mine in the eastern part of the State. 

Wuirttatcu Union.—The Whitlach Union, on Union Hill, produced in the 
early days of its development, considerable bullion, amounting to about $45,000, 
coin, since June 30, 1865, according to the returns of the assessor. ‘The vein 
is large, strong, and very well defined, but is faulted in manner similar to that 
shown in the section of the Savage mine, so that the ore-ground of the mine is 
bounded on the one side by the fault, cutting it off in depth, on the other side 
by the boundary line of the property, leaving a triangular-shaped piece of vein 
about 200 feet in length at surface and the same in depth, measured on the dip 
of the ledge at the boundary line, All attempts to recover the vein have so 
far been fruitless and the property has been idle a long time. _Its neighbor, 
the Camargo, owns the continuation of the vein in: the undisturbed part, but 
the ground is less rich, and although worked to some depth its operations have 
been suspended. A large quantity of low-grade ore is thought to be available 
in the mine. 

- Yankee Buape—This is the most developed and probably one of the most 
promising of a group of mines opened in the so-called Yankee Blade district, 
two or three miles north of Lander Hill. It isa strong, well-defined vein, 
trending generally northwest and southeast, though not without some irregu- 
larity in its course. The dip of the vein, so far as yet developed, is westerly, 
about 60° from the horizon; the width varies from six inches to two feet. 
The vein was opened several years since by an incline and a vertical shaft 150 
feet deep, and explored, at that depth, for a distance of 500 feet or more, in the 
Yankee Blade mine, besides similar work in the neighboring mine on the same 


vein known as the Whitlatch Yankee Blade. Both mines were quite produc- 


tive for a time, but, having exhausted the patience of their owners before 
reaching a self-supporting basis, work was suspended and they remained idle 
fora long time. In 1868 the development of the Yankee Blade mine was 
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resumed by a new company, called the American Mining Company, under 
the management of Mr. A. A. Curtis. The old works were re-opened and 
the explorations developed a good body of ore from which about $20,000 
were obtained. It became necessary, however, to sink toa greater depth than 
had then been reached, and for this purpose a new shaft was located west of 
the outcrop, designed to strike the lode at 300 feet in depth. When visited by 
the writer in September, 1869, this work was in progress. The shaft had 
reached the depth above named without finding the vein, and a cross-cut was 
being carried eastward in search of it. The prospects of this enterprise 
seemed to be of a favorable character. The new shaft is 12 feet long by 4 
feet wide in the clear; timbered with three-inch plank. It is divided into 
three compartments. It is well equipped with hoisting and pumping ma- 
chinery; there are two engines, each having a cylinder of 12 inches diam- 
eter. One of these is for hoisting, in which friction-gear is employed; the 
other is for pumping, for which purpose there is a 10-inch force-pump. The 
engines are so placed as to do each other’s work, if necessary. ‘The cost of 
sinking this shaft to the depth of 302 feet was as follows: 


Per foot. 
Sn Decembemrlege, Ti tectwhe..- 8) 2.2 sl ee $23 75 
dn Vanuaeyy toG9s 2 t secifabe oe ee ne aan cee feo cuss cea eee 68 68 
Tn Pebriary. too" 40 feete ats) Sees a0. 0222.2 22 eek et ee 17 04 
in Naren TEG9 eticet watt see nO Be ee RLS 111 19 
In April, 1869, 32 feet, at......- ire Utes ei iee SEU 2 2D.D ak 99 10 
In Suen i Goos Momecr abe senses ec to tessa seca wes see seses 144 06 
Anedulys Wooo pao tect auesssse.! ethane so seee te. ct eve seve cls 102 00 
In August, 1869, 30 feet, at.--.--.-2-:----.-----2-- 2222222. 124 04 


In the Yankee Blade district, in which the mines just referred to are sit- 
uated, are many others, more or less developed, some of which have attracted 
much attention in earlier days, but owing to various circumstances have long 
since suspended work. In 1869 the mine just described was the only one at 
work. There are also several mills in the neighborhood, one of which, the 
Metacom, was employed by the Lane and Fuller company in working the 
ores of their mine, although several miles distant. The other mills were idle. 
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Mitts anp Miniivc.—The milling of the ores of this district is rendered 
costly by the necessity of roasting them with salt before they can be subjected 
to the amalgamation process. None of them are sufficiently ‘‘docile” to be 
treated successfully by the ordinary Washoe method of wet-crushing, but being 
combined intimately with antimony, sulphur, arsenic, lead, copper, zinc, and 
iron, require a method similar in its general features to that by which the first- 
class ores of the Comstock are treated. This condition and the high cost of 
mining exclude from profitable treatment alllow-grade ores. It hasbeen already 
shown that the mining of the ore, even on a comparatively large scale and under 
favorable circumstances, does not cost less than $45 or $50 per ton; and, allow- 
ing a milling cost of $35 per ton, it is clear that an ore must yield $80 or $85 
in order to return the costs of extraction and milling alone; and until some 
successful means of concentrating the poorer ores are introduced, or cheaper 
methods of milling are made practicable, a large proportion of the ore raised to 
the surface, or at least made accessible for stoping in the mines, must remain 
unavailable. 

In the immediate vicinity of the Austin mining region there are now six 
or seven mills, having in the aggregate about 75 or 80 stamps. They are all 
designed to run by steam-power, and are furnished with roasting furnaces and 
barrels or pans, chiefly the latter, for amalgamation. The milling capacity of 
the region is far in excess of the production of the mines. During the early 
summer of 1868 but one mill, the Manhattan, was running, treating its own 
ores and those of all the other producing mines. The Keystone, a fine mill 
of 20 stamps, had been running in the spring, but was destroyed by fire. 

The Metacom mill, in the Yankee Blade district, has since resumed 
work, having been leased by the Lane and Fuller Company; not so much to 
supply a demand for increased milling capacity as to control the price of mill 
ing by competition with the Manhattan. This excess of milling power is 
chiefly due to the mistakes of those who in the earlier days of the develop- 
ment of the district greatly overestimated the capacity of the mines to sup- 
ply ore. Many of the companies first engaged there in mining operations 
made the blunder so common in all such enterprises, of erecting a large and 
expensive mill long before proving the value of their mine, the result being 
that a large amount of capital is locked up in costly and idle establishments. 
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The following notes concerning the Manhattan mill and some of the 
details of its working methods will probably suffice to give an idea of the con- 
dition of the milling business about Austin. 

The Manhattan mill has 20 stamps, 10 roasting furnaces, and 14 pans, 
capable of crushing, roasting, and amalgamating 20 tons of ore per day, or 
600 tons per month, if fully employed. The process by which the ores are 
treated resembles in its general features that by which the first-class ores of 
the Comstock lode are reduced, which has been already described in a pre- 
ceding chapter. The amalgamation, however, is performed at the Manhat- 
tan mill in pans, instead of barrels. The principal operations of the process are 
dry-crushing, roasting with salt in reverberatory furnaces, and amalgamation in 
pans. The ore is prepared for the stamps by a “Thunderbolt,” or Gardner 
crusher. This is set up near the entrance to the mill, and reduces the larger 
pieces to fragments about the size of an egg. This crusher is less widely used 
than the Blake, though the manager of this mill expresses satisfaction with its 
operation. After being broken by the crusher the rock is thrown directly 
upon a drying floor which is about 8 feet wide by 16 feet long. This is con- 
structed generally like that already described at Dall’s mill, in Washoe Val- 
ley, except that the heat in this instance is provided by causing the flue, which 
leads from the roasting furnaces to the stack, to pass under the drying floor 
on its way. When thoroughly dried the rock is fed to the stamps. These are 
arranged in four batteries of five heads, weighing about 700 pounds, drop- 
ping 8 inches, 85 times per minute. The screens are of brass wire-cloth, with 
40 meshes to the linear inch. The capacity of these stamps is about one ton 
per head in twenty-four hours. ‘The batteries are inclosed in tight, wooden 
dust-chambers that are about 8 feet high, and having ample space for men to 
enter and shovel out the pulverized ore. A tramway is laid through the cham- 
bers so that a car may be filled in them and moved thence, on the track, to 
the roasting furnaces, discharging directly into the hopper through which the 
furnace is supplied. 

The furnaces are ten in number; four of them, of more recent construc- 
tion than the other six, are similar in most respects to those already described 
at Washoe. The older furnaces differ in their manner of discharge, having an 
aperture in the hearth, near the stirring door, which may be opened when 
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desired, and the roasted charge raked through it, falling into a vaulted space or 
chamber below the hearth, and thence removed to the cooling floor. The newer 
furnaces are discharged through a door in the side, opposite to the stirring door, 
and falling directly upon the cooling floor. ‘The furnaces are built of common 
brick. The hearth is 9 feet wide and 11 feet long, composed of hard bricks 
laid on their edges and closely together. The furnaces are built in sets of two 
each, having their fireplaces at opposite ends and a common flue between them, 
which in the newer lot leads down under the floor and thus to the stack. The 
charge of one of these furnaces is about 1,000 pounds, which, if consisting of 
ores of most common occurrence in the district, requires about six hours’ roast- 
ing. ‘Twelve per cent. of salt is generally added to the charge, and usually 
nothing else. In most cases the salt is mixed with the ore in the hopper, and 
so enters the furnace with it; but if the ore contains a large amount of sulphur 
the salt is not added until the ore has been for some time subjected to the 
roasting process, that the sulphur may first be partially oxidized and the for- 
mation of sulphates commenced. During the roasting the charge is constantly 
stirred, and turned repeatedly. ‘Three men for each furnace are required for 
this work every twenty-four hours. Two men for twenty-four hours, one each 
shift, can attend to the discharge of the ore for the whole number of furnaces. 
Each furnace consumes about seven-eighths of a cord of wood per day. After 
being discharged and cooled the ore is taken to the pans for amalgamation. 
The pans, fourteen in number, are known as the Varney Pan, but they are 
made of wood. The flat bottom is furnished with dies of cast iron, and the 
iron muller, which is a flat, circular disk, is caused to revolve by machinery 
similar to that which has been described already in the chapter referring to 
Washoe processes. 

The charge for each pan is 800 or 1,000 pounds, It is put into the pan 
with sufficient water to bring the pulp to the desired consistency. The muller 
is caused to revolve at the rate of 42 revolutions per minute. The muller does 
not need shoes, as no more grinding is necessary than to break up the lumps 
formed by caking in the furnaces; it revolves as an agitator, or stirrer, to keep 
the material in constant circulation, and is hardly suffered to touch the bottom. 
The iron of the muller serves as a chemical agent in the same manner as that 
which is put into the barrels, where these are in use, and the duration of the 


“oe a Odie - ae % 
Pa —_ re re 


‘oie enna ie eee 


OP a a ee gh eerie Pe ee a a i 


gh gyre erat) * S 


CENTRAL AND EASTERN NEVADA. 379 


muller in this process seldom exceeds six months, and sometimes is only three. 
The charge is worked six hours. Quicksilver is not generally supplied to the 
pan until after the charge has been working some time, so that the metallic 
chlorides may be decomposed by the iron, rather than at the expense of the 
quicksilver. The quantity employed is adapted to the richness of the ore. For 
ores worth $200 per ton, 250 pounds of quicksilver are used, which quantity is 
increased with ores of greater value. After six hours’ treatment in the pan 
the charge is passed into the settler or separator. This is generally like those 
already described, and serves a similar purpose. The pulp is thinned and cooled 
by the addition of water, and gently agitated by a muller which revolves 
slowly, carrying wooden shoes, or stirrers. The fluid amalgam, collected in the 
settlers, is strained, and the solid portion retorted. The amalgam that collects 
on the mullers of the pans is removed from time to time, cleaned up in a small 
iron pan, and likewise retorted. About one-fifth part of the amalgam obtained 
from the pans and settlers is bullion, which is melted and run into bars for ship- 
ment. The bullion is usually 2% to 34% fine. It contains no gold. The 
impurity is chiefly copper. The retorting furnace is similar to that which has 
been already described. 'The loss in quicksilver in this mill is stated at one 
pound and a half per ton of ore worked. 

The yield obtained from the ore is from 85 to 90, and sometimes a still 
higher percentage, of the assay value. 

The power for driving the machinery of the mill is furnished by a steam- 
engine, horizontal cylinder, 42 inches in diameter and 18 inches stroke, to which 
two tubular boilers, 50 inches in diameter, supply steam, ‘They consume about 
six cords of wood per day. The total consumption of wood per day for the 
mill, including steam, roasting furnaces, retorts, &c.,is about 18 cords. It 
costs from $9 50 to $10 per cord. 

The men employed during a day of twenty-four hours, two shifts, are as 


follows: 

Foremen, one each shift -......- Paar pa eget oth be... 133 folks 2 
Mechamicseee error etan tess) et tris eee Tah Lh) hSDN are 2 
At the rock-breaker and drying-floor, three by day, two by night.-.......-- 5 
ANG tHe? DAUCGHIESeatine cere teee ater rte ts oer em ne Letra Mai NB te oa 3 


Supplying ore from the batteries to the furnaces.......-.. -..--.-......-2- mS 
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Furnace tenders, three at each of the furnaces-.-...-.---.-.-----.-------- 30 
Coolers, attending to the discharge and cooling of the ore .........-...--- 2 
Panmen, se 3... saeek Ba 8988 88 528 2 52s a3 5 gba tessa GD asSa ss yconsoS- rae 
Retorting.-.--.----------2 2-24-22 2223228 eee ee ee 1 
HWingin@ ers. 2c ae eee eee 2 
Wood-passers-.-.-+--.--2-2- 2222 S22 -. 22222. 2 | See ae 3 
BY = 


The cost of the above labor is $3 50 to $4 per day, excepting that of the 
foremen, engineers, and mechanics, who receive more. The costs of working, 
per ton, are indicated by the following statement, which expresses the average 
for six months, from June to November, 1868. It is hardly necessary to 
observe that the costs will vary considerably, increasing very much if the 
quantity of ore worked be diminished, since a certain portion of the current 
expense must remain the same, whether the number of tons treated be great 
or small. Thus in March, 1868, when 278 tons of ore were worked, the cost 
per ton was $47 84. In the following month, working 462 tons, the cost per 
ton was $41 45. From June to November, 1868, the quantity worked was 
3,005 tons, or about 500 tons per month. The details of cost were as follows: 


For Jabor...i::. 2 ate eee ae ee eee eee ee eee Pee $13 99 
For fuel, ($10 per cord)..-..-.-----.-..-. AA ice Sli ghee a: 8 83 
For supplies... -«..eue --cceep ce See eee ceckin oer gee ee eee 1 75 
For quicksilver: +... 5 te.- Spc cece? Eee neee ate are ae 1 09 
For salt, (twe cents per pound): no. a. ae ere reer ee ee 4 Al 
For official labor-ss-20- oe eee eee eee Fe ee eRe coat. oko p37 
Hor CASHIN GS 2.0 6 ae cei oe inet ee ee ee eee A Se 3 Sale 3 lee 
For hauling ore and fuel--.c.. -----2- ee eee eer ee eee 1 41 


The average in the following six months was $34 49 per ton. 
The custom price for milling ores from other mines than those of the 
Manhattan company has been, until lately, $45 per ton, the mill guaranteeing 


CENTRAL AND EASTERN NEVADA. 381 


a return of 80 per cent. of the assay value. In the summer of 1869 the price 
was reduced, partly owing to the competing influence of the Metacom mill, 
to $35 per ton, with a return to the customer of 85 per cent. of the assay 
value. It will be observed that the cost of working, at its lowest figure, is 
but a trifle less, and is usually greater, than the custom price. The mill, 
however, still has a margin of profit, under favorable circumstances, as the 
yield of the ore often exceeds 85 per cent. of the assay value. 

The yield of the ores of the Manhattan mine, from September 30, 1866, 
to January 1, 1868, varied from $111 24 to $255 77 per ton, coin value; the 
average for 2,410 tons amounting to $186. From June, 1868, to August, 
1869, inclusive, the number of tons of ore worked in the Manhattan mill, 
produced by the Manhattan mine, was 2,087, having an average assay value 
of $150 88, coin, yielding an average return of $133 44 per ton, or 88.44 per 
cent. of the assay value. During the same period, that is, from June, 1868, 
to August, 1869, inclusive, the total number of tons of ore worked in the 
same mill, including the product of the Manhattan mine, with custom ores 
produced in other mines of the vicinity, was 5,745, having an average assay 
value of $247 99, and yielding an average return of $217 31 per ton, or 
87.63 per cent. of the assay value. 

The Metacom mill, which was engaged, in the summer of 1869, in work- 
ing the ores of the Buel North Star, or Lane and Fuller Company, is situated 
three or four miles from Austin. The process employed is the same, in its 
essential features, as that already described, except that barrels are used 
instead of pans for amalgamation of the pulp. The mill has 10 stamps, 
weighing 900 or 1,000 pounds each. They drop 8 inches, 95 times per 
minute, being lifted by a single-armed cam. ‘The capacity of the whole bat- 
tery is eight tons per day. 

There are four roasting furnaces, like those already described. The ore 
contains a good deal of lead and zinc, and requires very gradual roasting, 
involving the necessity of longer time than where these metals are less abun- 
dant. Each charge of 1,000 pounds is in the furnace about eight hours, 
giving a total capacity, for the four furnaces, of six tons per day. There are 
six barrels, each having a capacity of 1,000 pounds per charge. They resem- 
ble those, already described, at Dall’s mill, but are moved by friction-gear, 
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which is said to be better than either cog-gearing or belting. The V-shaped 
friction-surface is cast in a rim that encircles the end of the barrel; the pinion, 
with corresponding surface, is fixed in a sliding pillow-block, which may 
easily be moved forward or backward, in order to be placed in or out of 
contact with the rim, and so cause the barrel to revolve or to stand still. 

The mill, at the time referred to, was working 200 tons per month, of 
which the average yield was $170, coin. 

Buiuion Propuct oF Austin Mines.—The bullion product of the coun- 
try about Austin is not easily stated within close limits of accuracy. The 
accounts of the banks and express office frequently include lots of bullion from 
sources quite remote from Austin, such as Twin River, Belmont, and, for- 
merly, White Pine. : 

In 1868 the shipment appears to have been as follows: 

From the Manhattan icompamyeeps-92 fetes ade 2-2 $1, 152,576 75 
J. A. Paxton & Co., bankers, shipping bullion derived from 

many sources, including $96,711 28 from White Pine.... 1,070, 727 16 
National Banik ic aati at sete cee eee keen eet 514, 000 00 


2, 131, 308 91 


During the first eight months of 1869 the shipment of bullion from 
Austin, most of which was produced in the immediate vicinity, was between 
$90,000 and $100,000 per month. 

Ourtyine Districts.—The Toyabe range, of which the Austin mining 
region is the principal point of interest, has been explored for many miles along 
its course, from north to south. Extending in the last-named direction some 
40 or 50 miles from Austin, and situated chiefly on the eastern slope of the 
range, there is a succession of mining districts, which, during the earlier days 
of their history, were regarded as very important. Considerable sums of money 
have been expended in their development, and several large and costly mills 
were built for the working of their ores. The value of many of these mines 
or districts was doubtless vastly overestimated, and the money spent upon them 
was wasted. Others have been shown by steady development to be rich and 
valuable mines, but few, if any, of these have been worked with profit, under 
the disadvantages of high cost of labor and materials, and the necessity of 
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large outlays for mining and milling equipment, involving, in some cases, 
great financial embarrassment. Under these and other hindrances to success 
nearly every mining enterprise in this section of country has been neglected 
during the past year or two, notwithstanding the fact that some of them, as, 
for example, the Murphy mine, had already produced a large amount of bullion. 

BuckryEe.—One of the most persistently worked mines, though on a lim- 
ited scale of operations, is the Buckeye, situated in Summit Cafion, about 45 
miles south of Austin. The vein on which this mine is located appears to be 
at the contact of limestone and slate. Its course is nearly north and south. 
The dip is not very regular; it is generally westward, at a high angle. The 
width of the vein varies from a narrow seam to four or five feet. The ore, a 
mixture of argentiferous galena, blende, and silver sulphurets, occurs in bunches 
or pockets, of irregular form and mode of distribution. Some of it is very 
rich, and various lots have been taken to Austin and worked at the Manhat- 
tan mill, yielding about $300 per ton. In August, 1869, a little over nine 
tons were thus worked, yielding, on the average, $283 52 per ton. Opera- 
tions were still in progress at this mine at the last accounts. There is a large 
amount of ore on the surface, estimated to be worth $100 per ton, not rich 
enough to warrant expensive transportation to Austin and high prices for 
milling, which must be reserved for a mill nearer at hand. 

Mourpuy Mins.—The Murphy mine,’ or, as it is sometimes called, the 
Twin River mine, because formerly the property of the Twin River Mining 
Company, is one of the best developed and most important mines in this part 
of the range; or, indeed, in Central Nevada. The mine is situated in Ophir 
Canon, about two miles west of the opening of the cation into Smoky Valley. 
The general course of the ledge is about north and south, crossing the cation 
at nearly aright angle. Its dip is easterly, averaging about 45 degrees. It is 
inclosed in metamorphic rocks generally described as slates. The walls of the 
vein are very well defined, usually very smooth and carrying but little “‘ gouge,” 
or parting of clay, between them and the body of the vein. The fissure is filled 
with a hard, compact quartz, sometimes pure white, sometimes colored by 
oxide of iron; it varies in width from one or two feet, in ‘‘ pinches,” to ten or 


1 The writer is indebted to the courtesy of Mr. S. S. Robinson, formerly superin- 
tendent of the Murphy mine, for much information concerning its operations. 
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twelve feet, or even more, but averaging about eight feet. This quartz car- 
ries a pay-seam, or rich band, which seldom occupies the whole width of the 
vein, but has a variable thickness, between one and four feet, averaging per- 
haps two feet or little more. The seam sometimes follows the hanging, some- 
times the foot-wall, or passes from one to the other, occupying in places the 
middle portion of the vein between its walls. Within this pay-seam the sil- 
ver-bearing mineral occurs distributed in irregular, bunchy form, intimately 
mingled with the gangue of the hard, glassy quartz. It has but little, if any, 
of the banded structure of the Lander Hill veins, near Austin, and does not 
usually carry its valuable components densely concentrated in’ a seam of solid 
mineral, as those veins do. The silver-bearmg portion of the ore consists 
chiefly of a fahlerz, an antimonial sulphuret, with which is associated at times 
some ruby silver, some fine-grained argentiferous galena, and considerable 
quantities of zincblende, which, according to Mr. Bessler, the former metal- 
lurgist of the works, carries silver to the extent sometimes of $600 to the ton. 
Some native silver also occurs. Iron pyrites is a frequent associate of the 
gangue; a fine-grained variety, especially, accompanies good pay-ore and is 
not an unwelcome feature in the vein. The length of the company’s claim is 
1,000 feet. Its southern boundary is at or just south of the bed of the creck 
that flows m the cation. Extending thence to the northward, the surface 
along the line of the vein rises rapidly, reaching an altitude of 420 feet above 
the mouth of the shaft near the bed of the stream, in the distance of 1,000 
feet, or at the northern boundary. The accompanying section, Fig. 4, on 
Plate XXVII, shows the manner in which the mine has been opened. __ 

An incline shaft, J, having its mouth 60 feet north of the southern bound- 
ary, and a few feet above the bed of the stream, has been sunk in the plane 
of the ledge, but at such an angle with the direction of its dip that the hori- 
zontal distance between the incline and south boundary is increased 20 feet by 
every 60 feet sunk; the whole depth of the incline (not vertical) being 240 
feet in June, 1868. Atthe mouth of the incline an adit, A, is driven into the 
hill, following the course of the ledge to the distance of nearly 300 feet, 
passing through irregular or scattered bodies of ore, of small importance, and 
finally losing the vein in ground that is much disturbed, probably by the 
fault that is clearly visible in the levels below. 
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Four levels have been driven from the shaft, the extent of which may 
be readily seen in the section; the character of the ground passed through 
is also partly indicated, the shaded portions representing the stopes. It will 
be seen that the vein in the northern part of the work is cut off by a fault, f, f. 
This is occasioned by a cross-vein, or slide, having a nearly east and west 
course, and dipping north at an angle of about 50°. This slide is encoun- 
tered in the 10-fathom level at a distance of 310 feet, and in the 20-fathom 
level 340 feet north of the incline; the distance between the incline and the 
slide thus gaining on each successive level in depth. On the 10-fathom level 
the vein is cut off abruptly by the slide, beyond which a wide belt of soft, 
clayey, altered rock was cut through. A small seam, having the general 
course of the main vein, was followed for about 100 feet and a cross-cut driven 
from that point east, but without satisfactory result. Attempts have also been 
made on the same level to find the vein in the western country-rock, and were 
in progress in the summer of 1868, but had not reached anything definite when 
the operations of the mine were suspended, for reasons mentioned below. 

The distribution of ore in the vein is shown by these developments to be 
variable, rich courses of ore alternating with ground, if not barren, at least too 
poor to pay at present rates. ‘The richest portion of the mine was between 
the third and fourth levels, directly under the slide. Immediately above the 
third level the ground for its entire length was rich enough to stope, but 
courses or chimneys of ore, richer than the surrounding portions, were per- 
ceptible. These courses have a northerly dip, and extend for 100 feet or more 
in horizontal measurement. The most remarkable was that just under and 
dipping with the slide, where the vein was very large and rich, the pay-seam 
in places filling the entire width of the vein, about 8 feet, and carrying ore of 
a very high grade. ‘T'wo others, of less importance, occurred further south, 
one near the incline and one about 100 to 150 feet north of it; both being in 
the neighborhood of, and coinciding in direction with, the so-called “floors” in 
the vein, or cross-seams, traversing the vein distinctly, but not occasioning any 
fault or displacement. The general direction and location of these “floors,” as 
indicated by Mr. Richards, captain of the mine, are shown in the section by 
the lines s s. , 


The costs of working the mine, the details of which are given further on, 
49 
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are greatly enhanced by the extreme hardness of the rock, requiring a large 
outlay in steel, powder, and muscle. Steel of 14 inches diameter is used for 
drills, and it is not uncommon to dull 30 of them in boring a two-foot hole. 
Two men are required constantly to sharpen the tools for 44 miners. 

The walls of the vein, although pretty firm, require some heavy timber- 
ing. When the pay-seam is next the hanging-wall it is stoped out, leaving the 
underlying portion of the vein in place; but when it is in the foot-wall the 
hanging portion of the vein must usually be taken with it, as, if left, it would 
soon drop from the hanging wall. This sometimes involves the use of heavy 
timbering. Fortunately, though somewhat distant and sparsely scattered, the 
supply of timber is sufficient for years to come. Stulls, from one to two feet 
in diameter and ten to twelve feet long, cost from $3 50 to $5 apiece. 
These are commonly placed six feet apart and a lagging of smaller stuff placed 
behind them. | 

In June, 1868, there were 44 miners employed, nearly one-half of whom 
were stoping. Including fillers, landers, rock-pickers, &c., the mining force was 
70 men. At that time the mine was producing about 12 tons of milling ore 
per day, to obtain which some 50 tons of rock were mined and raised for assort- 
ing. Labor was then employed chiefly by the day at an average cost of $4, 
in coin, for miners. The machinery at the hoisting works at the mouth of the 
incline consists of an engine, having a cylinder of 12 inches diameter and 
24 inches stroke, driving a winding wheel by friction-gear and a pump 
by means of toothed pinion and wheel. The pump is an eight-inch draw- 
lift, raismg water from the bottom of the mine, being extended as the depth 
of the incline increases, in manner similar to that already described in a fore- 
going chapter. The mine is very wet and the pump must be constantly em- 
ployed while mining work is in progress. 

The company own a large and costly mill, which is situated in the neigh- 
borhood of the mouth of the incline, only a few hundred feet distant, so that 
the ore, after necessary assortment, is delivered at very little expense. The 
mill comprises 20 stamps, 8 roasting furnaces, and 8 amalgamating pans, and 
5 settlers or separators, besides retorting, melting, and assaying departments 
that are furnished with all the necessary appurtenances of the business. 

The method of treatment to which the ore is subjected does not differ 
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essentially from that already described in this chapter, employed at the Man- 
hattan mill, in Austin, and need not be repeated here. The following notes 
concerning this department will suffice. 

The mill is furnished with a Blake’s rock-breaker. The stamps, 20 in 
number, weigh 800 pounds each; they drop 9 inches, 70 times per minute. 
Screens of wire-cluth, having 60 meshes to the linear inch, are used, the dis- 
charge being on both sides of the battery. The capacity of the stamps is 20 
tons per day. The roasting furnaces are the same, in all essential points, as 
those in use at Dall’s mill, in Washoe, described elsewhere. The amalgama- 
tion of the roasted ore is performed in pans, as at the Manhattan mill. The 
bullion produced is between 700 and 800 fine, the impurity being chiefly cop- 
per. The average yield of the ore during the year 1867 was $111. The ore 
assays from $130 to $150; of which value 80 or 85 per cent. is obtained in 
the mill. Pan-tailings assay from $12 to $14 per ton. 

The machinery is driven by an engine of which the cylinder is 18 inches 
in diameter and 36 inches stroke; for which steam is furnished by two tubu- 
lar boilers, 15 feet long, consuming about 6 cords of wood per day. 


The ordinary costs of reduction of the ore during 1867, for 3,8474 


HOS) WVEleee hb MSE ec orl tear Cnn C nen ae me tes enn an ae ee een $35 36 
And: tony. ke palls apetn hOMpe er ete aie a cas sciences cone senses 5 19 
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Of which the details are given below. 
The following statements show the working expenses of this mine for the 
year 1867, including mining, milling, and general costs for the whole business. 
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Brought dow. 1.002 25. a. 2 ws es = Beste snc ae chee ENG $53, 835 39 
Mining captains and timbermen.............-.-----.----- 6, 868 53 
Wheelers, trammers, and sorters under ground, and landers 12,401 60 
Cost of raising ore and water...........-.- ten eae ake get et ete 9, 658 24 
Cost of sharpening drills, picks, &c...............---..-.- 10, 493 05 
Albother biacksmibh: work 02-5 -jpeis-54-2- 42 -0---5---- 2-9 1, 316 27 
ONT EILIG OTS oe 2c ct SSS Anis See ene Eee a 1, 222 49 
Timbers, lagging, lumber, and other materials...........-- 9,187 56 
Pump-pipe and rods, labor and repairs......-...-..---.--- 1, 326 88 


$106, 310 01 


Assorting and hauling ore. 


Labor in assorting 3,8374 tons ore.........----.-.---+---- 5, 954 00 
Miatenialsnised esses oss ke fees ae SE ate 41 31 
Hauling 3, (374 tons ore te mill: -.2.2...2.-,.5..222-2.042- 477 09 
Cost of repairs to cars and wagomS........--.-.--..---.-- 38 75 
: a 6, 511 15 
Reduction cost, as per following statements of current costs 
SUG) DEVEL oo 55 gdaces ses sens aaseees S255 iegaesbess5e 155, 999 74 
Bullion charges. 
Wransportakiom == 522527. eee SER rr ek gan ea 3, 209 90 
Charges on sales to Austin bankers ...........-......---- 10, 232 06 
Melting, assaying, and United States tax ........-.....-.. 5, 308 30 
— 18,750 26 
General expense. 
Expense of agents, clerk, and superintendence.-..-...-..-...- 11, 068 76 
Other general expenses, exchange, insurance, State taxes, 
and incidentals ....- ae Sreraieeaes eye aratalexcie wigiel se. =) 215 SaaS stim 23, 231 61 
— 34, 300 37 


321, 871 53 
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wn n (2) a n we . _ a n n nan 
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January. . - - | $422 09 | $613 00] $332 00] $270 00 $918 00 $2,928 50 | $403 00 | $216 50 oe 
February - . 400 60 536 co 220 00 255 00 68z 00 2,648 50 230 00 140 00 ers 
Marchi a 408 36 635 00 246 00 282 50 847 00 2,722 50 429 00 252 50 Ea 
‘Noell 9 5 co 6 418 38 652 00 270 00 295 00 667 co 2,483 00 399 50 274 00 Pee . 
Maryse iis anteumare 396 16 646 00 214 00 232 50 668 00 1,932 00 343 75 I55 00 ont 
june ecu zs 413 06 661 00 204 00 237 50 603 00 1,667 oo 400 50 139 00 els 
Ways so = = = 396 59 623 00 170 00 195 00 563 00 1,772 00 |, 285 00 253 50 cave 
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Ordinary expenses of reduction, $136,043 77. Or, $35 36 per ton of ore. 
Expenses for repairs, $19,955 97. Or, $5 19 per ton of ore. 
Total expenses, $155,999 74. Or, $40 55 per ton of ore. 


a. ro tons and 1,406 pounds additional 
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the year ending December 31, 1867. 
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worked for Buckeye Mining Company. 
Number of otinces of bullion produced, 445,3721%4. 
Value of product, $427,227 69. ? 
Average value of ore per ton, $111 04. 
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During the period to which the foregoing statements apply the 


production of bullion amounted to-..-..---.------+--.---- $427, 227 67 
From which deducting the costs at mine, as 
alice aichiy7 SIO wat ete eae = tee eee ree $321, 871 51 
Expenses in New York $7,140 60, currency, 
equal im gold at $i 40 te-222255-35- 22 ee 5,100 00 
aaa 326, 971 51 
Showing a profit on the year’s work of.................----..- 100, 256 16 


The total product of the mine from the date of organization to the time 
of its suspension of work in the summer of 1868 is shown by the company’s 
books to be about $700,000. Notwithstanding this large production, the greater 
portion of which was obtained at a fair profit above the actual running 
expenses, the company has suffered great pecuniary embarrassment, and, late 
in 1868, became bankrupt. This last step appears to have been due more to 
the lack of a proper understanding or of harmonious co-operation in the man- 
agement of the company’s affairs than to any unfavorable developments of the 
mine; although, just at that time, the amount of ore in sight was less than 
usual. The rich ground opened for stoping had been exhausted, and further 
work was necessary in order to reach the deposits believed to be accessible. 
The chief cause of the embarrassment, it is said, was the large outlay made 
at the beginning of operations, in costly surface improvements, involving not 
only all the money advanced by the stockholders, but all the profits of the 
mine beside. The mill alone cost $183,000. Meantime the mine was never 
opened sufficiently in advance of the demands of the mill, so that the latter 
was often employed to only a part of its full capacity, thereby enhancing the 
costs of treatment; and it was deemed necessary in the summer of 1868 to 
close the mill until the mine could be more extensively opened, and ground 
thus prepared for more economical operations. The production of bullion 
being thus suspended, a call upon the stockholders for further capital became 
necessary; but owing to the existing discouragement on their part or to a lack 
of a proper appreciation of the true condition of affairs, the assessments were 
not paid and the company became embarrassed. ‘The property was attached 
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and all mining operations were suspended. The amount of indebtedness was 
comparatively small, not exceeding the actual value of the supplies and material 
on hand and available for use; saying nothing of the mill, hoisting machinery 
and improvements that had cost about $250,000. In the summer of 1869 
the property of the company was sold by the assignee, and was purchased by 
a new organization known as the “Cambridge Silver Mining Company.” The 
new owners employed a small force in the autumn of last year in draining the 
mine and extending the explorations; but this work was shortly after sus- 
pended without obtaining definite results. 

PHILADELPHIA OR SILVER Bend District.—This district is situated in 
the range of mountains next east of the Toyabe, and is about 85 or 90 miles 
south from Austin. The following notes on the geology of the region are 
furnished by Mr. S. F. Emmons. 

Grotoey.—The range of mountains parallel to the Toyabe, which forms the 
eastern border of Smoky Valley, is called the Smoky Valley Range. At the 
point where the overland stage-road crosses it, at its northern end, it is composed 
of rhyolite; from here south to Charlotte’s Pass, which is about opposite Ophir 
Carion, it is a low, flat-topped ridge, whose form and general appearance would 
suggest a predominance of volcanic rocks in its formation. At Charlotte’s 
Pass, through which runs the stage-road from Austin to Belmont, the entire 
mass of the range is rhyolite and rhyolitic breccia. Out of the ravine, on the 
western side of this pass, rises a conical peak of reddish-white porphyritic 
rhyolite, which has a remarkably regular columnar structure. The upper part 
of the ridge is of rhyolitic breccia, out of which this long ravine has been 
gullied; while on the eastern slope are strata of rhyolite, dipping east at an 
angle of 30°, of highly colored varieties—white, purple, yellow, brick-red, and 
reddish-brown. South of Charlotte’s Pass extends a group of high, smooth 
topped peaks, whose summits carry snow until the middle of the summer. 
These are probably composed of limestone and metamorphic slates; on their 
eastern flanks, however, are several outcrops of rhyolite. The southern point 
of this group, some 30 miles south of Charlotte’s Pass, is the Granite Moun- 
tain, from which runs out the spur or ridge to the southeast, where the mines 
of this district are situated. This ridge separates Monitor Valley on the north 
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from Ralston Valley on the south, being at its highest point not more than a 
thousand feet above these valleys. 

The town of Belmont, which is 30? miles in a straight line, south 51° 
east, from the mouth of Ophir Cafion, is situated in a ravine on the southern 
slope of this ridge, at an elevation of 7,393 feet above sea-level. ‘The Granite 
Mountain is a triple-pointed peak, having an elevation of between 9,000 and 
10,000 feet; its mass is, as its name indicates, of granite, whose weathered 
surfaces are somewhat rounded by the action of the atmosphere, but not de- 
composed to as great an extent as that in the immediate vicinity of Belmont. 
From it extends down to the southeast, toward Belmont, a long, continuous 
spur of granite, on whose northern side are metamorphic slates dipping to the 
northeast; at the line of contact are nodular shales having a bronze color and 
a curiously wavy or rippled surface, as if rounded pebbles were crushed in 
between the layers. Beyond this belt of slates are limestone strata, conform- 
ing with it in dip and strike; the line of contact between the slates and lime- 
stone can be traced for miles down the ravine on the north of this spur. To 
the south of the spur, on its slope toward Ralston Valley, and west from Bel- 
mont, is a very picturesque little tract of country, still well wooded, as are most 
of the hills around Belmont, where the granite, here easily decomposed by the 
atmospheric agents, has been worn into various curious shapes—castellated 
peaks and table-topped mounds; columns consisting of blocks standing one 
upon the other, originally square, but now so rounded that they seem boulders 
piled up by man’s hand, and in imminent danger of falling off. In all these 
ravines are small springs and rivulets, around which are small extents of green 
grass. 

Belmont itself is built over the line of contact between the granite and 
the slates; the foot-hills below it and the crest and southern slope of the ridge 
to the south are all of granite, a coarse-grained, easily decomposed rock, con- 
taining large twin crystals of orthoclase, which remain after the surrounding 
mass has crumbled away. In this granite are frequent dikes of white fine- 
grained granulitic rock, composed mostly of quartz and feldspar. ‘T’o the east 
of Belmont, quartzite is the contact rock next the granite on the north, beyond 
which are metamorphic slates, while the foot-hills of the Smoky Valley Range, 
still further north, are composed of strata of blue limestone, in which were 
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found no fossils; they are probably of the same age with the Toyabe lime- 
stone. ° 

To the east of Belmont, and beyond a hill of granite which rises imme- 
diately above it, is Highbridge Hill, in which are the principal veins of the 
district. This hill is composed of quartzites and slates, and in the ravine which 
separates it from the main granite ridge south is the line of contact between 
the quartzite and granite. In this hill are two series of veins, the one in the 
quartzites, the other in the slates, both generally conformable in dip and strike 
with the formation; having a strike north 15° west and a dip of about 45° 
to the north and east. The former includes the El Dorado, Atlanta, Galvin, 
Arizona, and other ledges, which extend from the southwest extremity of the 
hill up over its main crest. ‘The second series includes the famous Highbridge 
and Transylvania veins, which occur low down on the northeast slope of the 
hill. These two are probably part of the same ledge, though the connection 
between them has not yet been traced, and the existence of a fault would prob- 
ably be necessary to explain the relatively lower position of the latter. This belt 
of slates and quartzites seems to contain the most of the veins of the district, 
though none have been developed to any extent outside of Highbridge Hill. 
In the limestone a few miles northwest of Belmont is the Silver Champion, 
which has produced some rich ore, and various other undeveloped ledges. 
Along the northern slope of the granite ridge south of Highbridge are some 
small veins, on the contact line with the granite. This body of granite seems 
to be cut off by a break in the ridge some five miles southwest of Belmont, 
while the slates extend further on in the ridge which connects with the Moni- 
tor Range. The vein southwest from here extends over a wide extent of coun- 
try, whose hills are mostly low, table-shaped, volcanic ridges, which give it a 
very desolate and forbidding aspect. 

The large mill of the Combination Company is situated just east from 
Belmont and north from Highbridge Hill. Near this the white quartzite crops 
out very distinctly, and beyond it are the limestones; out of these rise, just 
north of the mill, on the very edge of the valley plain, three peculiar-looking 
. hills, composed of a grayish volcanic pearlite, very much decomposed, which 
are probably of rhyolitic origin, as this is the only volcanic rock found in this 
range. It occurs in the eastern foot-hills of the Smoky Valley Mountains, about 
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five miles north of Belmont. The section No. 5 on Plate XXVI gives a pro- 
file of Highbridge Hill and the granite hill southwest of it, on a true scale. 
The section is made on a line north 58° east. The quartzites exposed here 
are probably the product of a local metamorphism, and do not seem to corre- 
spond to the quartzites of Summit Cafion in the Toyabe Range. 

Mining DrveLopmMents In PuinapELpHiA District.—The town of Bel- 
mont is the center of a mining region of considerable importance, situated 85 
or 90 miles from Austin, in a south-southeasterly direction. It is in the 
“Smoky Range” of mountains, next east of the Toyabe, separated from the 
latter by Smoky Valley. The district of most importance, judging by devel- 
opments thus far made, is called the “‘ Philadelphia,” or, sometimes, the ‘‘Sil- 
ver Bend.” It is in this district that the town of Belmont is located; and the 
first important discoveries of silver-bearing lodes, in this vicinity, were made 
near the site of that town in 1865. A small spur of the main range branches 
off here to the southeast, and it is on the eastern slope of this spur that the 
principal mining developments have been made. ‘The best developed and 
most promising veins are inclosed within a belt of metamorphic rocks, resting 
on granite, which here forms the central portion of the range. ‘These meta- 
morphic rocks, where in contact with the granite, are frequently highly al- 
tered, and may come under the general name of quartzite; while, a little more 
remote from the granite, further to the eastward, and overlying the quartzite, 
is a belt of slates, striking nearly north and south, or north a little westerly, 
and dipping to the eastward, from 30° to 50°. This belt of slate is probably 
not less than a half or three-fourths of a mile in width, measured from west 
to east, and is the outcropping rock of the hillside, from its contact with the 
quartzite or granite down to where the slope merges into the plain of Monitor 
Valley. The ledge, or vein, on which the largest amount of work has been 
expended, and by reason of which the district has become widely known, is 
the Highbridge or Transylvania. It is inclosed within the slates, conforma- 
bly with them, having a course north 15° west, true, and dipping to the east- 
ward generally, at an angle of about 30°, but sometimes much steeper, espe- 
cially where the ground has been much disturbed, as in the Belmont and . 
Combination mines, where the dip varies between 60° and 90°. The out- 
crop has been traced, for a distance of many hundred feet, along the side of 
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the hill, and, perhaps, 200 or 300 feet above the level of the valley. On this 
vein are located the mines of the Combination Gold and Silver Mining Com- 
pany, Belmont Silver Mining Company, the Elmore—a short claim—and the 
Silver Bend Company. The mines located by these several companies were 
not at first generally believed to be on one and the same ledge, and a differ- 
ence of opinion still exists among interested parties, but the developments 
show pretty clearly that the ledge is one that has been faulted on the Bel- ~ 
mont property, the southern extension of it having been thrown to the east- 
ward about 150 feet. The Belmont claim is, therefore, in two parts, the 
northern claim being on the so-called Highbridge, unquestionably the contin- 
uation of the vein claimed by its northern neighbor—the Combination Com- 
pany; while the southern portion, a little further east, but having similar 
course, is located on what is termed the Transylvania, which is, without 
doubt, identical with the vein of the Elmore and the Silver Bend, further 
south. The indications, both on the surface and underground, so far as 
opened, point clearly to the conclusion that these locations are all on one 
vein, known as the Highbridge, north of the fault or break, and as the Tran- 
sylvania south of that point. 

Comprnation.—The northernmost claim, on which any important work 
has been done, is that of the Combination, which is said to be 5,000 feet in 
length, although their explorations have been chiefly made within 400 or 500 
feet of their south boundary, while the ground proved by actual developments 
to be productive was, at the date of the writer's visit, in the extreme southern 
portion of the claim, not exceeding 225 feet in length. The surface workings 
yielded largely in “chloride” ores, and the vein along the croppings, which 
was split into two or three branches, has been extensively wrought. In depth 
the vein has been opened from below by means of a tunnel driven in from the 
eastward, through the country-rock, located about 150 feet from the south 
boundary, 244 feet in length, and cutting the vein at 70 feet below the sur- 
face. Where cut by this tunnel the vein was poor, but a drift to the south 
about 30 feet encountered a good body of ore. From the end of the cross- 
cut a winze was sunk, which also, at a depth of 60 feet, encountered the 
same body, which continued from this point down to the water level, 160 feet 
below surface. A vertical shaft, located east of the croppings on the surface, 
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has also been sunk, with the intention of cutting the vein in depth. At 90 
feet depth it reached the water level, and at that point a cross-cut was driven 
to the vein, which was reached in 246 feet and cut at 160 feet below the 
croppings, about 236 feet north of the south boundary. ‘This was the lowest 
point reached at the date referred to, as no efficient means were provided for 
the drainage of the mine. The developments made by the works thus 
far prosecuted, show a well-defined vein, varying in width from a mere 
seam to 8 or 12 feet, and sometimes more, (in one place nearly 30) 
filled with hard, white quartz, which carries the silver-bearing mineral, 
distributed through it in bunches or disseminated particles, rarely arranged 
in banded form, as in the Reese River veins, or in large masses, free 
from gangue. The pay-ground usually forms a belt near the hanging 
wall, not often, though sometimes, filling the whole space between the 
walls of the vein. The occurrence of ore also appears to be in chimneys, — 
or distinct ore-bodies, leaving other portions of the vein small and barren. 
Thus, in the Combination, as shown in the section, the ore, so far as devel- 
oped, occurs in one body, measuring, on the first level, about 100 feet hori- 
zontally, and, on the second, 140. 'The inclination of this body is to the 
north, dipping at about 45°. Its shorter axis, at right angles to its dip, 
appears, from the descriptions given, to have been about 60 feet, and its 
width varying from 2 to 12 feet, sometimes filling the whole space between 
walls. The principal silver mineral is stetefeldtite, an argentiferous ore of 
antimony, with which is combined sulphur, lead, copper, and iron. 

The ore produced from the mine up to the middle of 1868 appears from 
the available records to have an average value of about $80 per ton. It is 
divided into two classes, of which the first assays about $90, and the second 
about $35 to $40. This will be given with more detail further on. 

The pay-ground known to exist in this mine had been nearly worked 
out, from the surface to the water level, early in the summer of 1868, 
and the future product depended on the discovery of new bodies of ore 
above that level,.or in openings to be made at greater depths. For 
this latter purpose the vertical shaft, already referred to, had been begun 
and provided with hoisting and pumping works, consisting of an engine, 
16 inches diameter of cylinder, with three winding reels driven by friction- 
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gear. The shaft is sunk in three compartments, each five feet square, 
two for hoisting rock and one for water. This machinery, however, had 
not at that time been made available, having been set up in winter and 
rendered useless for a time by the settling of the foundations. The work 
was unfortunately standing idle in consequence. The bottom of the mine 
was looking well, however, and its further development was to be proceeded 
with as soon as the machinery could be properly established. The company 
have a large mill of 40 stamps, arranged for the treatment of both first and 
second-class ores, by the dry and the wet, or Washoe, process, of which some 
descriptive notes will be given in a following paragraph. 

Bretmont.—Next south of the Combination is the Belmont Company’s 
claim, covering 850 feet. Immediately adjoining the claim of the Combination 
they had some excellent ground, which yielded from the croppings and near 
the surface a large amount of ‘{ chloride” ores, producing, it is said, over 
$110,000. About 90 feet from the line a vertical shaft was sunk on the crop- 
pings 180 feet, which was standing idle when visited. The vein becomes small 
and pinched at no great distance from the line, and is soon lost in ground that 
has evidently suffered much disturbance. It is here that the fault, already re- 
ferred to, occurs, the continuation of the vein appearing about 150 feet further 
east as the Transylvania. On this portion of the property a shaft has been 
sunk, about 400 feet from the south line, to a depth of 170 feet, and the vein 
opened by levels driven to the northward until reaching the fault, which, in 
the upper level, is 130 feet from the shaft, and, in the lower level, little more 
than 50 feet. The vein is 7 or 8 feet wide, and, near the shaft, is very reg- 
ular and well defined. The ground between the shaft and the fault was 
found quite productive in places, and much of it was stoped out. It is said 
by those in charge to have yielded 2,000 tons, worth, on the average, $50 
per ton. The work was idle in the summer of 1868, partly because no greater 
depth could well be reached without hoisting and pumping machinery, of 
which there was no provision, and partly because the property was then 
under offer for sale in England. 

Sitver Benp.—Next south of the Belmont is a short claim, 150 feet in 
length, known as the Elmore ground, on which some work has been done; 
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beyond that is the Silver Bend, claiming 2,000 feet, and on which some 7 


600 or 700 feet have been opened at a depth of about 70 feet. 

The ledge on this property presents the characteristic features shown in 
the neighboring mines. It varies from a few inches to 8 or 10 feet in width, 
carrying a belt, or seam, generally near the hanging wall, in which the ore is 
well distributed. At the bottom of the north incline the vein is 8 feet wide, 
filled with quartz. The pay-seam here is two feet wide. Further south the 
‘ledge pinches to a mere seam as it passes the ravine, where a vertical shaft, 
30 feet deep, located east of the croppings, connects the work with the surface, 
and affords ventilation. Further south the ledge widens out again, varying 
from 1 to 4 feet, and showing productive ground. These openings have afforded, 
without any stoping, between 150 and 200 tons of ore, of which 100 tons have 
been worked, yielding over $100 per ton, while the appearance of the remain- 
der indicated a still higher product. ‘Ten tons were being worked about the 
time that the writer was there, of which the pulp assay was $190. This mine 
is one of much promise. It is owned by an eastern company that has sus- 
pended active operations for a time, but will probably proceed with its devel- 
opment when other conditions are favorable. 

South of the Silver Bend Company’s claim the outcrop of the ledge turns 
westward, partly due to the flat dip of the vein and the slope of the surface ; 
partly, perhaps, to a change of the course of the lode. Some other locations 
have been made on what is claimed as a separate ledge, though believed by 
many, in the absence of actual proof, to be the same ledge as that of the Sil- 
ver Bend. Such are the Mountain Queen and, further south, the Quintara. 


About 1,000 or perhaps 1,500 feet west of the vein above described is a 
succession of mines, in the earlier stages of development, which, for aught that 
so far appears to the contrary, are on one vein, though further developments 
may show them to be on several distinct veins. These are the El Dorado South, 
the El Dorado North, Atlanta, Arizona, and some other claims. The ledge on 
which they are located appears to be parallel to the Highbridge-Transyl- 
vania, but nearer the junction of the quartzites and slates with the underlying 
granite. The El Dorado South is the southern claim, and the most developed 
of all. At their works the ledge crops out plainly, showing a belt of quartz 
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from 2 io 6 feet thick, and sometimes thicker, dipping eastward at 30°, or 40° 
on the south end of the openings, and steeper on the north end. The inclosing 
rock at the El Dorado is a hard quartzite, mixed in places with bands or belts 
of slate. Further north, as at the Arizona, the inclosing rocks are more slaty 
in structure and general character. The general course of this ledge is north 
15° to 20° west, true; and the various claims above named, regarding them 
as oN one vein, cover several thousand feet. The El Dorado South own 2,000 
feet, and have extracted from surface workings near the croppings a large 
amount of “chloride ores,” yielding from $150 to $300 per ton, and even more. 
This work is said to have been the source of great profit to the owners. In 
depth the vein had not been extensively wrought. A shaft, or incline, had been 
sunk 130 feet, showing a large vein of quartz, carrying a good deal of ore; but 
at the time referred to, operations were confined to the surface-diggings, which 
were very rich in chloride of silver. 

Adjoining this claim on the north is the El Dorado North, which has less 
development, but very good prospects. The Atlanta, the Arizona, and some 
others have opened this vein still further north. The Arizona was at work in 
June, 1868, and was producing some excellent ore from within 50 or 60 feet 
of the surface. ‘The developments were not extensive, but were deemed very 
encouraging. 

The principal mining developments of this region are centered in the 
locality of the veins described in the foregoing paragraphs. There are, how- 
ever, in addition to these, many locations of promise, some in the immediate 
vicinity, others within a few miles, chiefly along the slate belt, some of which 
will probably become important. The Spanish district, seven miles north and 
west of the region just described, is very well spoken of, but was not visited 
by the writer. 

ComBinaTIon AND Betmont Mitts.—There are two mills in the vicinity 
of Belmont; one belonging to the Combination Company, the other to the 
Belmont Company. The former is a large, handsomely-built establishment, 
not far from the mine. It was completed early in 1868, at a cost of not less 
than $225,000. The methods of treatment, both wet and dry, are the same, 
in all essential features, as those already described elsewhere. A few notes 
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concerning the capacity and working of the mill are given here. It has 40 
stamps, of about 800 pounds weight, dropping about 9 inches, 70 times per 
minute. A portion of the stamps are for dry and a part for wet-crushing. 
In June, 1868, 20 stamps were employed on each. For dry-crushing, screens 
of wire-cloth, having 40 meshes to the inch, were used. 'The capacity of the 
stamps for dry-crushing is about one ton per head, per day; for wet-crushing, 
one and a half to two tons. 

For roasting the dry-crushed ore there are ten furnaces, generally simi- 
lar in construction to those of the Manhattan or Dall’s mill, already described. 
Each furnace works a charge of 1,000 pounds in six or seven hours. Salt of 
the best quality is furnished here from Silver Peak, costing about $65 per 
ton. There are 32 pans; 16 for the treatment of roasted ores, and 16 for raw 
ores, besides settlers for the separation of the amalgam from the pulp. In 
addition to the above the mill is furnished with retorts, melting and assaying 
departments, complete in all their appointments. 

The machinery is driven by two engines; one for the pans, the other for 
the stamps. The first is a Corliss, 18 inches diameter of cylinder by 38 inches 
stroke; the other, an ordinary engine, 15 inches diameter, 30 inches 
stroke. Steam is supplied from four boilers, built in sets of two each, but 
connected. When the mill is employed to its full capacity all the boilers are 
required, burning twelve cords of wood per day. The cost of wood is from 
$4 to $5 per cord. 

The costs of milling by the wet process are estimated at about $10; but 
the statements furnished are not sufficiently detailed to show the costs of 
either method by itself, the running expenses of the whole work being kept 
without close analysis. | 

The product of the mill, from the time of its commencing operations to 
the middle of June, 1868, is shown by the following statement, furnished by 
Mr. Bright, the financial agent of the company: 


Tn Pebruary, 1868% 25%. 50 ae eee ee eee ne $27,697 O1 
In March, nearly, all idipyzenishine eo =-ees eee ae a eee eee ses. 48,798 04 
In April—16 days only—all dry-crushing.......-....-..---.+--- 18, 750 22 
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In May, 927 tons of ore—480 wet, 447 dry......:.-.++-s..+5.: $48, 212 95 
Herny Sante — lis ehetivienites ea aeers chai aie sd - viol’ Jia sleet social ato pias 29,939 03 

168, 397 25 
Deducting, as product of custom work.........-.....------.++-- 8,100 00 
Leaves, as product of Combination mine... --- - posttest eee eee 160, 297 25 


In addition to which there were 2,000 tons (estimated) of second-quality rock 
awaiting treatment by wet process, of which the assay value was said to average 
$40 per ton. 

The above statement does not show accurately the yield and costs of 
treatment of the two classes of ore, as the amalgam from both processes is 
usually melted together, and the costs were kept without strict classification. 
For the month of May we have, however, the following figures: 447 tons of 
first-class ore gave an assay value of $91 10, yielding 88, per cent., or 
$80 31 per ton, aggregating $35,898 33; while 480 tons of second-class ore, 
with an assay value of $37 70, yielded 6835 per cent. or $25 62 per ton, 
amounting to $12,314 62. The average yield of the whole amount of ore 
worked in May was $52 per ton. The additional product of this mill during 
the latter half of 1868 probably did not exceed $20,000, as it was standing 
idle nearly all the time. The opening of the mine having been delayed by 
the accidents to the hoisting and pumping machinery, already referred to, the 
supply of ore speedily failed, and the mill, which, without this condition of 
affairs, was built with too great capacity, was thrown out of employment. 

The Belmont mill is in the town of Belmont, a half mile or a mile from 
the mine. It was built in 1866. It contains 10 stamps, weighing about 600 
pounds each, and 6 pans, the machinery being driven by a small steam-engine. 
The mill is only designed for treating ores in the wet, or Washoe process, and 
was successful in working the surface ores of the vein, extracting from 50 to 
60 per cent. of their value. According to Mr. Wright, the agent of the com- 
pany, this mill has treated about 4,000 tons of ore, yielding, on an average, 
$50 per ton. About one-half this product came from the northern part of 
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the Belmont claim; the other half from the southern part of the claim, or 
so-called Transylvania. During the writer's visit the mill was not crushing 
ore, as the mine was not producing, for reasons already stated. The pans 
were at work on tailings, of which there was a large accumulation on hand. 
These tailings assay from $30 to $50 per ton, and yield, under the simple 
process of the pan, about $10 per ton, the cost of treatment being $7. 


The region about Belmont possesses very many natural advantages as a 
mining district, and, in this respect, is one of the most attractive locations in 
the State. The hills bear a liberal growth of nut-pine and cedar, with some 
mahogany, affording large supplies of fuel. Wood costs from $4 to $5 per 
cord, and the price can hardly increase very much for some years to come. 
Some large timber can also be found in the surrounding hills, supplying 
mining timbers, while saw-mills are established and are furnishing a rough 
quality of lumber. Water is abundant for present purposes, and it is said that 
the supply can be very greatly increased from the streams of neighboring 
cafions by means of ditches or aqueducts, a few miles in length, whenever 
the demand exceeds the amount furnished from the present sources. The 
town itself is agreeably located, handsomely laid out, provided with banks, 
assay offices, newspapers, mails, telegraphs, schools, and the other appoint- 
ments of civilization. This district, like many others in this part of the State, 
has been very much neglected since the exciting developments were made at 
White Pine. Late in 1868 a large proportion of the population moved to the 
scene of the new discoveries, leaving the town and its neighboring mines 
almost entirely deserted. In 1869 there was but very little work in progress; 
although it is believed that the district not only possesses some good veins 
but also some unusual advantages, as compared with neighboring localities, in 
its supplies of wood, timber, water, &c. 


South of Belmont, both in an easterly and westerly direction, there are 
several mining districts in which important developments have been made. 
They lie beyond the limits of the field of observation marked out for this 
report and could not be conveniently visited by the writer. Information con- 
cerning some of them will be found in the reports of J. Ross Browne, esq., 
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and his successor, R. W. Raymond, esq., United States Commissioners of 
Mining Statistics. 

Eurex District.—Lying farther north, and about 60 miles east of Austin, 
is the Eureka District, organized several years ago, partly prospected and again 
abandoned, until lately, when a fresh impulse was imparted to the region by the 
White Pine developments. This district was visited by the writer in 1868, when 
the developments visible were not sufficient to indicate much of the nature or — 
extent of the deposits. The district at that time was entirely deserted, and 
but little definite information was available concerning the history of the work, 
the quantity or value of the ore obtained. The ore there, consisting chiefly of 
argentiferous galena, was found in limestone, occurring in bunches or pockets, 
of which the limits were not easy to make out. During the past year work has 
been resumed and valuable deposits of good ore are reported. About 50 men 
were said to be at work there and several small smelting furnaces were in 
operation. It is said that the galena is less abundant in depth, the ore chang- 
ing into silver-bearing minerals of richer character, and better adapted to 
roasting and amalgamating processes. 

Correz Disrrict.i—The Cortez District is north and a little east of Austin, 
about 65 miles distant from that town. It is in the northern end of the Toyabe 
range of mountains. ‘The district embraces ten miles square, having the sum- 
mit of Mount 'Tenabo in the center. Itis 24 miles south of the Pacific railroad. 
The first discoveries of mineral wealth in this locality were made in 1862 by 
parties from Austin, who located claims and organized the district soon after. 

The principal veins of this region occur in and near a massive belt of 
pure white quartzite, 450 feet thick, which is inclosed by limestone, and 
crops out near the summit of Mount Tenabo, striking north and south, and 
dipping to the east at an angle of 38° from the horizon. The vein of the 
Mount Tenabo Company, which was one of the earliest and most important 
discoveries, strikes east and west, and dips to the north at an angle of 82° from 
the horizon. In the quartzite the vein has very well defined walls, each of 
which carries a clay-seam 3 or 4 inches thick. The vein is about 5 feet wide. 


1 From notes furnished by Mr. Arnold Hague. 
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The ores are rich in silver sulphurets, but combined with zinc, lead, and 
other base metals, involving the necessity of expensive metallurgical pro- 
cesses. 'The mine has been opened by a shaft, from which three successive 
levels have been driven. 

The Mount Tenabo Company own a mill situated on Mill Creek, on the 
north side of the mountain. It is provided with 12 stamps, 4 roasting fur- 
naces, 4 Wheeler and 2 Varney Pans, and 2 settlers. The reduction pro- 
cess is the same as that employed at Austin. The ore yields about 87 per — 
- cent. of its assay value. ‘The mine of this company produced about 2,000 
tons of ore during the three years of 1865, ’66, and ’67. The average yield 
of 850 tons during the last-named years was $67 per ton. 

In 1868 work was suspended on this mine and the district almost en- 
tirely deserted. There are, however, several other important mines, some of 
which have been persistently worked. Among them the St. Louis is the 
most prominent. ‘This vein is also in the quartzite. It produces some very 
rich ore, which was formerly sent to Austin for reduction, but is now worked 
in the mill just referred to, which has been leased or purchased from the. 
Mount Tenabo Company. | 

The Garrison mine, opened in 1868, is also an enterprise of considera- 
ble promise. This vein is in the limestone, below the quartzite belt. A quan- — 
tity of its ore, about 50 tons, yielded $250 per ton, when worked at the Man- 
hattan mill in Austin. 

Conflicting interests, mismanagement in some cases, want of capital in 
others, and the great costs of working in former years, have greatly retarded 
the development of this district. It is now growing in importance. It is 
quite easily accessible from the railroad, and is well supplied with wood and 
water. 

According to the quarterly returns of the county assessor the St. Louis 
mine produced, during the year 1868, 88 tons of ore that yielded an average 
of $600, currency, per ton. 

The assessor’s return from the district. for the quarter ending December 
31, 1869, is as follows: 
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Yielding per ton 


Name. Amount. d : 
in coin— 
Tons. Lbs. a4, 
Si Loms Company e-» eal. yen a 25 863 | $67 56 
MersMenahoren heats. cae ae eke 13 1546 57 80 
IBerlineese se ae te ne oe ee 9 1593 153 78 
IATCICH Gtgtisy yemcethcith 2p ce fees spe e. ea. 76 27 | 55 66 


Minerat Hiri Distrrict.—tThis district is situated on the west side of 
the Pifion Mountains, near the southern end of Pine Valley. The town is 
37 miles from Palisade, the nearest station on the Pacific railroad, 435 miles 
from Sacramento. It is 42 miles from Carlin, and 91 miles from Austin. 

The mining operations of the district are centered in an isolated hill, 
standing out from the main range, at the base of which the town is situated. 
The summit of this hill is nearly 500 feet above the town. 

The district was discovered and the first locations were made in June, 
1869. At the date of these observations, three months later, all the mining 
locations then made were upon the west side of the hill, scattered over the 
slope from base to summit. The whole side of the hill is a mass of quartzite 
and limestone, very much broken up. All the ‘‘ledges” dip to the eastward 
into the hill, but at varying angles. They have a general strike of north and 
south. The principal claims are the Live Yankee, Great Republic, and 
Austin. 

At the time referred to, September, 1869, about 50 tons of ore had been 
reduced at the Manhattan mill, in Austin. It is said to have yielded $400 
per ton. There remained on hand a considerable amount of ore, the value 
of which was estimated at $200 per ton. At that time there had been no 
very extensive work on any of the claims; the ore obtained had been taken 
out from small chambers, or pockets, near the surface. There was no mill 
in the district, but negotiatious were in progress for the erection of one in the 


ensuing spring. 


1 From notes furnished by Mr. Arnold Hague. 
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Water is easily obtained in the neighboring cafion of the main range. 
It is also said that a sufficient supply for milling purposes can be had by sink- 
ing wells. Wood is plenty in the neighborhood and communication with the 
railway is easy. 

The reports from this district, of a later date than the above, are very 
favorable; but the writer has no definite or reliable information concerning 
the new developments. 


ne EE marie A a cay 
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SECyrloNn EV: 


GEOLOGY OF THE WHITE PINE DISTRICT. 


BY ARNOLD HAGUE. 


The White Pine mining district is in the eastern portion and not far from 
midway between the northern and southern boundaries of the State. Ac- 
cording to Lieutenant Wheeler’s observations, made in the summer of 1869, 
Treasure Peak, about which the principal mining operations are centered, is 
in latitude 39° 14’ and longitude 115° 27’ west from Greenwich. 

Hamilton, the principal business town in the district, is 120 miles dis- 
tant from Austin, by way of the traveled roads, and a few miles south of due 
east from that point. It is 110 miles, in nearly a southerly direction, from 
Elko, the nearest station on the Central Pacific railroad, 468 miles from 
Sacramento. Communication is sustained between Elko and White Pine 
by means of several stage and freighting lines, on roads that are tolerably 
good during the greater part of the year. 

The White Pine Mountains are a prolongation to the south of the Hum- 
boldt chain; the main range of the Great Basin, in point of breadth and ele- 
vation, lying between the Wahsatch, of Utah, and the Sierra Nevada, of Cal- 
ifornia. From the Humboldt River the range extends south for nearly one 
hundred miles in an almost unbroken line of high rugged peaks, rising 5,000 
or 6,000 feet above the adjacent plain; then falling away gradually, it only ap- 
pears as a few low, irregular, broken ridges, formed by gentle, undulating 
folds in the strata of the overlying limestone. These ridges rise with an easy 
slope to an elevation of only a few hundred feet above the valleys, and may 
be readily crossed at almost any point. About ten miles to the north of 
Treasure Hill the mountains rise gently until they culminate in Pogonip 
Mountain; then they commence to descend more abruptly, and six miles to 
the south again become quite low. This isolated, mountainous group, be- 
tween the two low depressions in the range, is known as the White Pine 


Mountains. 


The White Pine mining district includes an area of twelve miles square, 
52 
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with the celebrated Treasure Hill as a central point geographically, as it is 
the central point of the mining industry. The mountains, as well as the dis- 
trict, take their name from the very considerable growth of pine which covers 
both the east and west slope of Pogonip Mountain. The timber of the dis- 
trict is almost exclusively confined to the western ridge, for, with the ex- 
ception of a few localities upon Babylon Hill, timber is either entirely 
lacking or is of a very dwarfed character. ‘There are among the trees 
several species of pine and juniper. Although well favored as regards 
wood in comparison with the greater part of Central Nevada, the timber is 
of small growth, rarely reaching a height exceeding 30 feet. The White 
Pine Mountains, from the eastern foot-hills to the valley at the base of the 
western slope, have an average width of 12 miles. Within this limit they are 
divided into three distinct north and south ridges, measuring.-in width from 
the two outer crests about five and one-half miles. 

By reference to the map,’ Atlas-Plate 14, these mountain elevations may 
be easily recognized. ‘To the west we have Pogonip Ridge, with the highest 
point designated as Pogonip Mountain. The middle ridge, a more compli- 
cated structure, includes Treasure Hill, which comprises Treasure and Tele- 
graph Peaks; the Base Metal Range, which comprises Babylon Hill and Mount 
Argyle; and the Blue Ridge. 

Mokomoke, the third elevation, lies east of the middle ridge. The name 
Mokomoke is frequently applied to the prominent hill in the ridge that rises 
above Hamilton. These mountain elevations are connected by low, narrow 
saddles, to the south of which they are separated by two deep, narrow val- 
leys, known as Applegarth and Silver Cafions, which unite about five miles 
to the south, forming one large cafion, trending off to the south and west of 
Pogonip. North of these saddles, Pogonip and the Base Metal Range are 
separated by Pogonip Cafion; and the eastern and middle ridges, by a broad 
basin, upon which the town of Hamilton is built. The altitude above the 
level of the sea of a few of the most prominent elevations and important 
points is as follows: Pogonip Mountain, 10,792 feet; Babylon Hill, 9,247 


‘This map includes the area covered by Mr. Hall’s grade-curve survey of Treasure 
Hill; and much of that gentleman’s work has been used in the preparation of Atlas- 
Plate 14. 
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feet; Telegraph Peak, 9,228 feet; Mokomoke Mountain, 9,239 feet; Treas- 
ure City, 8,980 feet; Hamilton, 8,003 feet; Shermantown, 7,257 feet; Man- 
hattan Mill, 7,547 feet. 

Pogonip Ridge towers grandly above the surrounding country. It rises 
with steep, precipitous slopes, 1,500 feet above Babylon Hill; while to the 
west it falls off in long, rugged spurs, several thousand feet to the valley be- 
low. Pogonip Mountain commands, upon a bright, clear day, one of the 
finest and most extended views that can be obtained in this part of the State. 
The structure of the ridge is quite simple, trending nearly north and south. 
The geological formation of the eastern slope is composed of a grayish-blue 
limestone, striking with the trend of the ridge and dipping with an angle of 
22° to 25° to the east. But few fossils were found, and in a much less per- 
fect state of preservation than those of allied forms from the strata of Treas- 
ure Hill. 

The middle ridge is the most complicated of the three in its geological 
features, and by far the most important, from its great mineral wealth. The 
two main features of the structure are, first, a well-marked anticlinal fold, 
whose axis, although somewhat flexed, has, in general, a north and south 
direction. Secondly, a transverse fracture and displacement of the rock, which 
extends across the ridge at the southern end of Treasure Hill. 

The axis of the anticlinal fold follows and forms the cafion or ravine sep- 
arating the Base Metal Range from the Blue Ridge, then bending around the 
north end of Telegraph Peak, continues along the east slope of Treasure Hill, 
500 feet below the summit, through the mining settlement of Pocotillo and 
the hill upon which the Argyle mine is located. 

This anticlinal fold occurs in limestones, whose western slope constitutes 
the entire formation of the west side of Treasure Hill and the Base Metal 
Range, with the exception of some overlying shale and siliceous limestone, 
which cap the top of Telegraph Peak and the northern slope of Babylon 
Hill. These westerly dipping beds form, with Pogonip Ridge, a synclinal 
fold. 

Treasure Hill, from Telegraph Peak to the Eberhardt mine, is about 
one mile and a quarter in length; across Treasure Peak the width is one 
mile and three-quarters. 'To the north it falls off, in a steep, rough slope, to 
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the town of Hamilton, 975 feet below; on the east a precipitous wall, 400 
feet in height, descends to Pocotillo. The limestone strata, at the summit of 
the hill, dip westerly, at an angle of 9° to 10°, and strike nearly north and 
south. 

About 200 feet below the crest of the ridge, along the west slope, are 
situated Bromide, Chloride, and Pogonip “‘ flats.” In structure they are simply 
floors of distinctly bedded limestone, which, dipping at a gentle angle, from 7° 
to 10°, to the west, have received the above designation. The flats are 
separated from each other by well-marked, natural boundaries—walls of lime- 
stone, from 12 to 20 feet in height. The three flats, taken together, are a 
little more than a quarter of a mile in length, by 550 feet in width; at the 
lower end they terminate abruptly in a cliff, from 150 to 200 feet in height; 
below which the strata are much disturbed, and of a very irregular dip and 
strike down to the bottom of Silver Cafion. 

At the foot of the escarpment which forms the southern limit of Pogo- 
nip, occurs the fracture and displacement of strata already mentioned. This 
fracture extends entirely across the ridge, with a course approximately at a 
right-angle to the axis of the main anticlinal fold. It contains the Eber- 
hardt deposit, and caused the formation of the two small east and west cafions, 
heading near the Eberhardt mine, the one trending toward Applegarth and 
the other toward Silver Camion. 

South of this fracture the formation becomes very irregular, having been 
broken up by local faults, displacements, and sharp folds. Southeast of the 
Eberhardt mine, upon the hill on which the Argyle mine is located, the 
strata of the east side dip toward Applegarth Canon at an angle of 36°; on 
the opposite side they dip westerly at an angle of 58°. ‘These westerly dip- 
ping strata form the east wall of Mahogany Camton, dipping toward the canon. 
The strata upon the opposite side of the cafion are found dipping to the east. 

Upon Babylon Hill and the Base Metal Range we find the same lime- 
stone formation, less disturbed, and more uniform in dip and strike. 

Babylon Hill rises above the town of Swansea, in bold, precipitous cliffs. 
The summit of the hill is broad, sloping gently toward the south and west, 
until it overhangs Poyonix Cation, where it presents steep, rugged walls. At 
the northern end of the Base Metal Range the strata strike at an angle of 20° 
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to 25° west of north, and dip westerly at an angle of 26° to 28°. Upon 
Babylon Hill they maintain the same dip, but strike from 35° to 40° west of 
north. Nowhere, within the limits of the district, do the beds underlying 
this formation of limestone appear at the surface. We have, therefore, no 
means of knowing its thickness. There is, however, at least 1,500 feet of 
strata exposed. ‘The uppermost beds of limestone are highly fossiliferous. 
The fossils obtained place the age of the formation without doubt in the De- 
vonian period. ‘The limestone is of a bluish-gray color, hard and compact. 
Near the ore-bodies, where subjected to the same chemical action which pro- 
duced the metalliferous deposits, it is highly impregnated with foreign mat- 
ter, particularly with silica; but where removed from such action, it is re- 
markably pure. 

A limestone specimen, taken from the east bluff of Treasure Hill, has 
been analyzed by Mr. O. D. Allen, of the Shefheld Laboratory, Yale College, 
with the following result: 


wie soocce soe a2 So59s dont Shee ob pee ged Geta eC Ce pe oo ae mee 55. 38 
WIEGUNGSIE) MG rade onde cc Ge oe gUke Uae aes oon Caer ie a 25 
CGappanne acid sss 5-2 Se 2305 a hs eke Mee se Be ee Ne 43.70 
ATISGheles Ge Shee mre ee ee te Bs aki ad 3 dais Soda 70 

100. 03 


The insoluble residue contained a little iron. 

Immediately overlying the Devonian limestone occurs a formation of 
thinly laminated calcareous shale. The color of the shale is dark-gray; many 
of the beds, however, are interstratified with thin, reddish-gray bands, alter- 
nating with those of a dark-gray color. This shale has been eroded off from 
the greater part of 'Treasure Hill. It is found, however, on the depression 
between Treasure and Telegraph Peaks; underlies the summit of the latter 
point, and may be traced for quite a distance along the western slope of the 
hill, dippmg conformably with the limestone. Its thickness may be best de- 
termined upon the east side of Treasure Hill, immediately above Applegarth 
Cafion, where it is about 125 feet. The calcareous shaies, as far as yet known 


are entirely non-fossiliferous. 
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The formation overlying this calcareous shale is a granular, siliceous 
limestone; much of it is completely metamorphosed into beds of hard, com- 
pact chert, frequently interstratified in their layers with the more calcareous 
beds. The purer calcareous beds often contain masses and nodules of chert 
imbedded within them. The top of Telegraph Peak is of the siliceous lime- 
stone, the immediate summit being composed of a dull, brownish-red chert. 
The thickness of the siliceous limestone formation is about 100 feet. 

The calcareous shale and siliceous limestone formations occur on the 
summit of the Base Metal Range, the former covering the long gentle slope to 
the northwest. (See Atlas-Plate 14.) Upon the east side of the anticlinal 
fold, overlying the Devonian limestone, are found the shale and limestone, as 
observed upon the west side. They appear along the east base of the Blue 
Ridge. From there to the head of Applegarth Cafion a few outcrops of the 
siliceous limestone are found, but the greater part has been eroded off. Fol- 
lowing the line of the axis of the fold, both formations are found, occurring 
regularly along the east side of Treasure Hill, where the entire formation 
appears to be compressed together and thrown up at a sharp angle. The dip 
of the strata along the east side of the hill is from 32° to 37° to the east. 
The formation next overlying the siliceous limestone is a black argillaceous 
shale. The lower beds are quite hard and compact, but rapidly pass into 
layers more laminated in structure, which, near the top, become quite arena- 
ceous. Many of the beds carry narrow seams of bituminous matter. These 
argillaceous shales have a thickness of about 600 feet. The depression, or 
basin, in which Hamilton is situated, as well as the bottom of the Applegarth 
Canon, is in this latter formation. At White Pine streams of water and nat- 
ural springs are quite rare; nearly all of them occurring in this shale forma- 
tion. At Hamilton a number of wells have been sunk, furnishing good water; 
the same may be said of Applegarth Cafion, where there are several natural 
springs. 

Mokomoke Ridge has a general north and south trend. The geological 
structure is very simple. The rocks are perfectly conformable, striking 
with the trend of the ridge, and dipping at an angle of 22° to the east. The 
above description does not, however, apply to the ridge, above the saddle, 
connecting with Treasure Hill, along the southwest side of Mokomoke Moun- 


CENTRAL AND EASTERN NEVADA. 415 


tain. Here the sandstone and limestone formations have been considerably 
distorted. At one place both formations are seen dipping westerly. On the 
summit of Mokomoke Mountain the limestone is found lying almost horizon- 
tally. Immediately above the argillaceous shale occurs a belt of fine-grained, 
reddish-yellow sandstone, whose thickness is estimated at about 300 feet. 

Next in order above the sandstone occurs a body of light-yellow, granu- 
lar limestone. The formation is highly fossiliferous and rich in remains of 
well-marked carboniferous types. From the sandstone to the summit of the 
ridge we have several hundred feet of the limestone exposed, but, as nowhere 
within the district do the overlying beds appear, the entire thickness cannot 
be given. 

At Swansea, in Silver Cajion, the argillaceous shale, sandstone, and car- 
boniferous limestone are found. The beds are very much disturbed, and 
occupy only a limited area. 

The paleontological evidence of the position of the White Pine rocks is such 
as to determine conclusively the age of both the upper and lower limestone for- 
mations. The clue to the age of the other beds, judging from the fossils alone, 
is not quite as satisfactory. Their position, however, between well-defined 
Devonian and Carboniferous rocks is sufficient proof that they belong either to 
the one or the other of these periods. In the Devonian limestone, as far as 
known to the writer, no fossils have as yet been obtained from the lower beds. 
The overlying beds, however, are in many places highly fossiliferous, and for 
several hundred feet below the uppermost stratum, fossils of well-marked 
Devonian types are abundant. 

The writer is indebted to Mr. J. E. Clayton, a mining engineer residing at 
Hamilton, for information in regard to the localities of many interesting fos- 
sil-bearing beds, and also for many valuable specimens from his private col- 
lection. | 

The most interesting fossiliferous beds may be found upon the summit of 
Treasure Hill, along the east bluff, in the neighborhood of the Argyle mine; 
on the east side of the Blue Ridge, above Hamilton, and near the summit of 
Babylon Hill. Upon Treasure Hill may be found Diphyphyllum, Chonophyilum, 
Fafosites, Alveolites, Matrocheilus, Orthoceras, Acemutarca, Atrypa reticularis, 
Spirifer engelmanni, Spirifer utahensis. In addition to many of the above, 
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on Babylon Hill may be found Syringopora, Retepora, and Smithia hennahiz. 
On Blue Ridge Pleurotomaria and a small Productus ; the latter, however, are 
extremely rare. 

The following note, from Professor F. B. Meek, to whom the collection 
was referred, will be sufficient for the purposes of this chapter : 

“The genus Smthia is generally regarded as a Devonian type, while the 
specimens of that genus in the collection seem to be very closely allied to, if 
not actually identical specifically with, a well-known European Devonian 
species. The genus Acemularia is also mainly a Devonian type, only some 
three or four of the thirteen or fourteen species which occur in the Silurian, 
being found in the rocks of any other age; while the single species of this 
group, contained in the collection, is apparently identical with a well-known 
European Devonian species. Among the molluscan remains from this rock 
we have the well-known Aérypa reticularis, which, however, occurs both in 
the upper Silurian and Devonian, though it is not known to be represented by 
any of the forms usually referred to it in any part of the Carboniferous series. 
But here we have it directly associated with a small Productus. This last- 
mentioned genus, although most abundant in the Carboniferous, likewise 
eccurs in the Devonian, but has not yet been found in the Silurian. So that 
the association of these two types, in the same beds, ayain points to the De- 
vonian. The associated Spirifers are most nearly allied to Devonian species; 
while scarcely any of the other fossils from this rock can be properly said to 
point to the Silurian or the Carboniferous.” 

The calcareous shale, as already remarked, is entirely non-fossiliferous. 
The siliceous limestone formation contains large numbers of Crinoid stems. 
Large masses of chert occur, completely filled-with fragmentary remains of 
Crinotds, in silica, while, in the pure limestone, occur the same remains, but: of 
nearly pure white calcite. 

In addition to the Crinoid stems, Productus and Spir ay are found; 
the former a small single valve, and of the latter, molds of a dorsal ane in 
chert. They are not sufficiently well preserved, however, to determine the 
species definitely. . 

The evidences of the age of the argillaceous shales seem to indicate that 
they belong to the Carboniferous period, although they are not such as to 
warrant the positive assertion. 
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Many of the beds are quite rich in fossils, but the specimens obtained are 
either not sufficiently well preserved for determination, or the association of 
species is such that the exact age of the formation may be doubtful. The 
following forms occur: Athyris, Pleurotomaria, Ariculopecten, Navadites, Le- 
corhynchus. Professor Meek, speaking of the collection of specimens from 
these beds, says: 

“The Lecorhynchus, if it really belongs to that genus, would, judging 
from the known position in New York of the species, rather point to the De- 
vonian. The Ariculopecten and Naiadites however, would, on the other hand, 
furnish very strong evidence that these dark beds belong to the Carboniferous.” 

The sandstone beds are very poor in fossil remains. In the lower strata, 
next the shale, are found a few impressions of leaves of the genus Lepidoden- 
dron, and with them, although rare, the genus Cordaites; these constitute, 
with the exception of some indeterminable fragments of Crinozd stems, all the 
remains yet found. } 

The Carboniferous limestone is highly fossiliferous, and rich in remains 
of well-marked types, nearly all the species being identical with well known 
European or American Carboniferous forms. The following are among the 
most characteristic species: Productus longispinus ; P. semireticulatus; P. sca- 
briculus; Spurifer cameratus. 

Upon the map of the White Pine District, on Atlas-Plate 14, the non- 
fossiliferous, calcareous shale and the siliceous limestone are colored brown, 
as belonging to the Devonian. The evidence in regard to the age of the argil- 
laceous shale and sandstone points so strongly to the Carboniferous that they 
are both colored blue, as belonging to that period. 

The accompanying sections, Plate XX VIII, show the relation of Treasure 
Hill to the surrounding country, and, although drawn with a vertical scale 
greatly exaggerated over the horizontal, serve to point out the relation and 
position of the different formations. ‘They are cut on an east and west line. 
No. 1 crosses the summit of the Blue Ridge; No. 2 crosses Telegraph Peak ; 


No.3 crosses the southern end of Treasure Peak and Pogonip Flat. 


All observations of the mining explorations and developments of the ore- 
bodies show that, in their geological position, the metalliferous deposits are 
53 
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exclusively confined to the Devonian limestone. The highest stratigraphical 
position of any mineral deposit yet found occurs along the line of contact be- 
tween the limestone and the overlying calcareous shale. 

The mode of occurrence of the silver deposits upon Treasure Hill is ex- 
ceedingly varied; these may, however, all be classed under four heads: 

First. In fissures, dipping at a highly-inclined angle, and striking approx- 
imately east and west; that is, across the strike of the limestone of the hill. 

Second. In contact deposits, between the limestone and calcareous shale. 

Third. In beds or chambers in the limestone, parallel to the line strati- 
fication of the rock. 

Fourth. In irregular, vertical, and oblique seams, or joints, across the 
bedding of the rock, and having most frequently a north and south course. 

The Eberhardt mine affords the finest and most marked example of a fis- 
sure, if, indeed, it is not the only one occurring upon Treasure Hill which ex- 
tends to any great depth below the surface. ‘The width of the claim between 
the walls is 200 feet. The strike is nearly east and west. ‘The north wall pre- 
sents a smooth, clean surface, dipping 78° to 80° to the south. 

The material inclosed between the walls is by no means all ore; a large 
part of it is composed of masses of barren limestone, surrounding which is 
the quartz and ore-bearing material. ‘The gangue of the ore is made up of 
pieces of broken limestone of irregular shape and size; some of it presents 
the appearance of hard, compact grit; much of it is very fine and completely — 
impregnated with silica, the entire mass being held together by fine granu- 
lar quartz, which fills up the intervening space. The silver, as cerargyrite, 
or chloride of silver, occurs finely disseminated through the gangue. In the 
richer bodies of ore the chloride is found coating and incrusting in their layers 
the more solid pieces of quartz; sometime it occurs filling up or lining the 
cavities and druses. | 

The contact deposits are found at the north end of Treasure Hill, 
wherever the calcareous shales are found in place. All along the line of con- 
tact of the two formations may be traced the characteristic minerals that 
accompany the silver deposits; quartz, calcite, ferruginous matter, all more or 
less impregnated with chloride of silver and traces of the base metals. 
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This material rarely penetrates more than two or three feet into the 
overlying formation. Within this distance the shale is split up and inter- 
stratified with quartz and calcite seams. 

Explorations made in this material have developed several chambers of 
rich ore lying in the limestone below, and a number of mines have been lo- 
cated along the contact of the two formations. The Hidden Treasure is the 
best example of this class of deposits and one that has furnished a great deal 
of rich ore. The deposits of ore occurring in beds and chambers upon 
Bromide, Chloride, and Pogonip Flats are exceedingly irregular in size and 
shape; sometimes they are found filling depressions in the rock, at others 
lying between well-marked beds of stratified limestone; again they are de- 
posited upon beds or floors and penetrate the inclosing limestone, either above 
or below. 

Intimately connected with the beds are the vertical and oblique chan- 
nels of ore; these vary in width from a few inches to several feet. They 
are generally connected with the beds or chambers, and branch out from 
them, frequently extending from one bed of limestone through to the next 
one below, many of them connecting beds of rich ore. Frequently these 
channels extend from the principal deposits for a considerable distance, and 
then terminate abruptly; occasionally they are quite wide, and maintain a con- 
tinuous course for a long distance. 

Whatever the occurrence of the different bodies of ore on Treasure Hill 
may be, the characteristic mineral composition of the material is the same 
under all conditions, and similar to that of the Eberhardt mine and contact 
deposits, already described, varying only in the richness of the ore, in chlo- 
ride of silver, and the amount of the accompanying base metals. 

Observations upon the position and occurrence of the ore-bearing bodies 
seem to indicate that they must all have had a similaf origin, and have been 
filled from the same common source of supply. Judging from the develop- 
ments thus far carried on it seems highly probable that the Eberhardt fissure 
has served as one of the principal sources for the supply of ore scattered over 
the hill. The ore in the main channel finding cracks and seams in the lime- 
stone may have extended laterally until, meeting the vertical and oblique 
cracks, it has been forced upward, penetrating wherever the rock afforded any 
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openings. Again, the ore may entirely, or in part, have ascended the main 
channel until, coming in contact with the overlying and impenetrable shale, 
it may then have been forced out laterally, forming a stratum of metal- 
bearing matter between the limestone and shale, and, where meeting with 
openings and depressions in the lower rock, penetrating through them, filling 
them from above. 

At a later period the overlying shale and ore stratum has been eroded, 
leaving the openings and chambers, filled with ore, exposed, without any 
visible connection with each other at the surface. 

This latter hypothesis appears all the more probable when we are able to 
see the shale, with the quartz and ore-bearing material below, still in place 
upon the north end of Treasure Hill, It may be remarked that what has 
been said of the geological position of the ore-bodies upon Treasure Hill ap- 
plies to the deposits on the Base Metal Range. In general these latter bodies 
are far less rich in silver and carry more lead and copper. Those which have 
been most developed are rich, argentiferous lead ores, and occur most fre- 
quently at a lower stratigraphical position than the purer and richer chloride 
ores of Treasure Hill. 

The following analysis of rich White Pine ore, by Mr. O. D. Allen, serves 
to show its chemical character. The specimens from which the analysis was 
made were taken from the Aurora South claim on the day of the writer’s 
visit; they were carefully selected, and contain both the gray and green 
chloride of silver: 
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Besides the above determined ingredients, the ore contained manganese, 
magnesia, sulphur, and carbonic acid. Minute traces of bromine were also 
detected, but no iodine. The amount of chlorine present is sufficient to 
combine with 4.998 per cent. of silver, leaving .678 of one per cent. of silver 
to be combined with arsenic and sulphur. The carbonic acid was undoubt- 
edly combined with the lime, magnesia, lead, and copper. 

The minerals of the White Pine district are very few. The following 
list comprises, as far as known, all those that have as yet been identified : 
Quartz, calcite, (white and black,) gypsum, fluorite, barite, black oxide of 
manganese, rhodonite, rhodochroisite, cerargyrite, galena, cerussite, azurite. 

Quartz and pure white calcite are found associated together in all the 
argentiferous ore-bodies. The black calcite occurs in many of the mines, and 
is regarded by the miners as a good indication of ore. Gypsum, apparently 
rare, is found in small quantities in the Pogonip and Othello and Truckee mines. 
Fluorite, rare, of a deep purple color; barite, associated with fluorite. Black 
oxide of manganese occurs in many of the mines; abundant in the Pogonip 
and Othello and Pocotillo. Rhodonite (silicate of manganese), of flesh-red 
color, occurs associated with rhodochroisite (carbonate of manganese) in the 
Pocotillo mine. Cerargyrite (chloride of silver), massive, also reported to 
have been found in the Eberhardt mine in small crystals, color grayish-green, 
yellowish-green. The “gray” and “green chlorides” of the miners have appa- 
rently the same composition, the color depending on the manner in which the 
other mineral substances are intermixed with them and on the more or less 
disintegrated condition of the quartz. Azurite (blue carbonate of copper) 
forms a thin coating upon the quartz and limestone in many localities. It 
occurs only sparingly in most of the mines of Treasure Hill. At the north 
end of the hill it is somewhat more abundant, particularly at the Virginia 
mine; on the Base Metal Range it is of common occurrence. Galena occurs 
in several localities on the Base Metal Range, associated with cerussite (car- 
bonate of lead). The developments upon the Base Metal Range have extended 
to such a short distance below the surface that they have, as yet, afforded very 
little opportunity to study the mineralogical character of the ore. 
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SECTION VY. 


MINING AND MILLING IN WHITE PINE DISTRICT. 


The first discovery of silver-bearing lodes or deposits in the region now 
known as White Pine District was made in the autumn of 1865, on the west 
side of Pogonip, or White Pine, Mountain, near where the Monte Christo mill 
now stands, ten or twelve miles distant from the present center of mining 
operations. ‘The district was organized in the month of October of the same 
year, deriving its name from the mountain on whose sides an abundance of fine 
timber is found. Its limits were so defined as to include an area of twelve 
miles square; and a code of laws was devised and adopted by the miners, in 
accordance with the general usage in such cases, to regulate the location of 
claims. 

The earlier discoveries of silver, though considered sufficiently important 
by the owners to induce them to proceed with the development of the ledges 
and to erect a mill for working the ores, were not such as to attract great 
attention from other parties; and it was not till about two years later that the 
first claim was located on Treasure Hill, to which point the observation of 
white men was then directed by an Indian. This claim was made on the 
ground since developed by the Hidden Treasure and Rathbun companies, and, 
about two months later, was recorded, on the 14th of November, 1867. The 
Eberhardt mine, still more remarkable for its great wealth, was located in 
January, 1868, and during the summer of that year the great developments 
followed which attracted thousands of people to the scene of the new discov- 
eries, and made the name of the district famous far and wide. 

Treasure Hill, within the limits of which the principal silver deposits, 
thus far developed in the district, have been found, is an isolated ridge, about 
three or four miles long, in a north and south direction, by one and a half or 
two miles wide. Its eastern slope descends steeply, precipitously in some 
places, to Applegarth Cation, which divides Treasure Hill from the next east- 
ern range of mountains. On the western side the surface is likewise steep, 
descending to the bed of the cation below, and then rising again, forms a low 
ridge, known as the Base Metal Range. This ridge is nearly parallel in trend 
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to Treasure Hill, and lies between the latter and the main White Pine Moun 
tain. 

The north and south slopes of Treasure Hill are gentler than the eastern 
and western. Near the foot of the north slope is the town of Hamilton, the 
county seat and the business center of the district. On the southern and 
southwestern slopes are the towns of Eberhardt and Sherman, the former sit- 
uated at the junction of Applegarth and Mazeppa Cajfions, the latter in Silver 
Cafion. In the neighborhood of Sherman are several mills, enjoying the ad- 
vantages of cheap fuel and water, the latter sufficient for milling purposes, 
though not for motive power. A little north of Sherman, in the same caiion, 
is situated the small town of Swansea, in the neighborhood of which are sev- 
eral smelting furnaces for the treatment of ores produced in the Base Range. 


Treasure City, next in business importance and population to Hamilton, 
is near the summit of the hill. It is nearly 9,000 feet above the sea, about 
900 or 1,000 feet above Hamilton, and at an average height of about 1,200 
feet above the surrounding valleys. It is in the center of mining operations. 
The town is laid out upon a comparatively even or gently sloping surface, 
which forms a narrow bench or plateau on the western side of the hill, be- 
tween 200 and 300 feet below the peak. The crest of the hill, measured 
along this surface, from north to south, is about a half mile in length, including 
the areas at the southwestern extremity, known as the Bromide, Chloride, and 
Pogonip Flats. These flats are in, or just below, the town; they are covered 
by hundreds of mining claims, and crowded with pits or shallow shafts, from 
which have been taken large quantities of rich silver ore. Along the crest of 
the hill, within the limits of the half mile, but just above the town, are situ- 
ated some of the most important mines of the district, such as the Aurora 
South, Aurora Consolidated, and others, less famous but very productive, at 
the south end of the ridge, and the Hidden Treasnre, Rathbun, and others 
further north. The celebrated Eberhardt is on the southern slope of the hill, 
a quarter of a mile south of the Aurora, and about 400 feet lower. Beyond this, 
the south end of the hill is covered with mining claims; among the mest im- 
portant are those of Mahogany Cajion on the southeastern, and the California 
on the southwestern slope. The north end of Treasure Hill has not proved 
to be so rich as the southern. It has been extensively prospected, and some 
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valuable locations have been made. Among these the Virginia is the most 
developed and productive. Its ores, however, are said to differ essentially 
from those of the mines above named, the silver being combined more inti- 
mately with metals of inferior value. 

EBerRHARDT.—The Eberhardt claim, which now includes the Keystone and 
others that were originally made in the same vicinity, extends in an east and west 
direction across the south slope of Treasure Hill, some 700 feet below the peak. 
The total length of the claim, acquired by location and by purchase, covers 
1,800 feet. It is described as a “ledge,” or true fissure vein, and held under 
laws which apply to that form of deposits; but whether it is such, or what its 
true relations are to a fissure vein, is a matter concerning which intelligent men 
hold conflicting opinions. It may not be a fissure vein, in the generally 
accepted sense in which that term is used, although it possesses some analo- 
gous features that are more notable in this than in many of the other produc- 
tive deposits of the district. It is situated in the line of a fissure or fault 
that has broken and displaced the limestone strata, which here compose the 
country-rock. ‘The direction of this break is east and west, traversing the 
south end of the hill. The line of fracture is perfectly well marked, showing, 
as far as exposed by the Eberhardt workings, along the surface or in depth, 
an east and west course and a dip to the south of about 85°. This is regarded 
as the north wall of the Eberhardt ledge. It has been traced along the sur- 
face for a distance of several hundred feet; a shaft has been sunk upon it 192 
feet, and at the depth of 85 feet a drift has been run 240 feet, in all of which 
work the plane of fracture is shown to be regular and well defined. 

South of this “wall,” 184 feet distant, when measured on the surface at 
the Eberhardt deposit, isa similar line of fracture, though less well defined, 
having about the same course, and dipping to the north at an angle between 
85° and 90°. ‘This is regarded as the south wall. Included between them 
is the Eberhardt deposit, which, when visited by the writer in September, 
1869, appeared to extend across the “fissure” from side to side, and longitu- 
dinally, between 100 and 200 feet. The depth from which ore was being, or 
had been, extracted, in considerable quantities, did not exceed 50 feet. The 
material composing the deposit consists chiefly of brecciated or shattered 
limestone, the small fragments of which are held together by quartz and crys- 
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tallized calespar. In some places the limestone has become highly silicified. 
The ore, consisting chiefly of chloride of silver, is associated with the quartz 
and spar. In some parts of the deposit large masses of limestone, spar, and 
quartz, taken together, seem to be richly impregnated with the precious min- 
eral, so that the whole may be crushed and amalgamated without assortment. 
In other places some assortment is necessary to select the pay-rock from the 
poor; and in the cut exposed, at the time referred to, there were also large 
portions of limestone, apparently quite barren. The general appearance of 
the ordinary, or low-grade, ore does not always show any indication of its 
value to an inexperienced eye, and even those who are most familiar with the 
rock are sometimes deceived. 

The deposit is probably the most remarkable occurrence of hornsilver on 
record. In the early days of its development, channels or courses of ore were 
passed through that were almost solid hornsilver. A lump of ore was shown 
to the writer weighing several hundred pounds, apparently composed almost 
entirely of this material. One lot of ore of 22 tons, taken out during the 
first summer’s work, had an average assay value of over $5,000 per ton. It 
was at first intended to send this ore to Europe for metallurgical treatment, 
but this being found inconvenient, it was milled at home, netting $96,459 46. 

The character of the ground in depth is not so well ascertained. There 
has been a shaft sunk on the north wall, as already described, to the depth of 
192 feet. This was done more for the purpose of establishing some points in 
litigation than for ascertaining the value of the rock. Short drifts are said to 
have been run northward, through the wall, in solid limestone; southward, or 
in the “ledge,” the drift passed through brecciated limestone with quartz and 
spar, from which specimens were taken that had a high assay value; but the 
mass of ground is represented as being limestone. ‘The rock is apparently very 
poor as compared with that above, but it is believed to be rich enough to pay. 
This shaft was inaccessible at the time of the writer’s visit, and, therefore, was 
not seen in depth. On the south wall there has also beena shaft sunk, though 
not so deep as the one just referred to. From it three short drifts into the 
ledge afforded about the same results as those from the north shaft, showing 


large masses of poor limestone, but carrying with it some quartz and spar and 
ore-bearing ground. What the mine may be capable of yielding in depth 
54 
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remains to be developed. The extraction of ore was, at the time referred to, 
confined to the deposits on the surface, where 25 men were at work quarry- 
ing out the rock, assorting and sacking the ore, getting out about 25 tons per 
day for milling. The yield of this is stated at between $100 and $200 per 
ton. There appeared to be a large quantity of rock on hand, described as low- 
grade, estimated to yield $50 or $60 per ton. 

There are two mills at Sherman, belonging to this company, in which 
their ores are worked. Some descriptive notes of these mills and methods 
employed in working the ores will be found further on. The following is a 
partial statement of the yield of this mine up to September, 1869. It was 
furnished to the writer by Mr. KE. H. M. Bailey, accountant for the company. 
It is said not to include all that has been produced from the company’s claim, 
as the early records were imperfect. The total yield up to the same date is 
estimated at $1,500,000, coin. 

According to Mr. Bailey there have been worked 
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1,138,971 46 


Auvrora.—The Aurora mine, situated on the crest of the hill, at the south 
end and just above the town of Treasure City, is located on another deposit, which 
is of a different type from that of the Eberhardt. It is wanting still more than 
the last-named in the characteristic features of a fissure vein, but is rather a 
course or series of ore-bearing deposits, lying in a north and south or, more 
nearly, in a north-northwest and south-southeast, direction, along which line 
there seems to have been a movement or disturbance of the rocks sufficient to 
crush and crumble them into fragments, but in which movement there are no 
apparent evidences of a regular, deep-seated fracture, or fissure. 

The character of the ore-bearing material is similar to that of the Eber- 
hardt, consisting of brecciated limestone, much of it in small fragments and 


CENTRAL AND EASTERN NEVADA. 427 


highly silicified, mingled with and cemented together with quartz, spar, and 
ore. Occasionally crystals of free quartz and, more frequently, crystallized 
calcspar and other carbonates occur. The siliceous limestone, quartz, and spar 
appear to be impregnated with the finely-distributed silver mineral, but the 
richest occurrences of the latter are in the fillings of little clefts and joints of 
the rock, in which are found seams or thin sheets of chloride of silver. Blue 
and green stains of the carbonates of copper are abundant and are considered 
as indications of rich ore. The length of the ore-bearing course is traced for 
hundreds of feet. he Aurora South, at the south end of the crest of the hill and 
overlooking the southern slope, is 800 feet long; north of that claim is the Aurora 
Consolidated, comprising 800 feet more; nearly the whole of this ground has 
been found rich in ore; and beyond this, northward, other claims extend, de- 
veloped to a much less extent but productive in some places. Its width is not 


well defined, but the workings cover, perhaps, a hundred feet in an east and - 


west direction. The surface rock is chiefly barren limestone, which lies flatly, 
dipping slightly to the westward, and usually forming a thin cap over the ore- 
deposits. ‘The latter, however, sometimes appear exposed at the surface. 

The greatest depth reached in September, 1869, was between 50 and 60 
feet; and along the claims of the Aurora South and Aurora Consolidated 
several large chambers, reaching that depth and extending to a greater or less 
distance longitudinally and laterally, thus forming irregularly-shaped cxcava- 
tions, had been worked out. On the Aurora Consolidated, in the vicinity of the 
Earl shaft, the limit of the pay-ground on the west appeared to be a “floor” 
in the limestone, striking north 25° west, true, and dipping north 25° east, at an 
angle of about 30° from the horizon. ‘This floor or seam was smooth, well 
defined and regular in course and dip. The pay-rock rested upon it, but 
apparently did not go below it; where it had been broken through in two or 
three places the limestone is said to have been hard, massive, and barren. 
This floor was then regarded as the “footwall of the ledge.’ A corresponding 
limit, or hanging wall, en the other side had not been found. In that direc- 
tion the ore-bodies seemed te have irregular outlines merging gradually into 
limestone that was either barren or too poor to pay. 

At the date above referred to the Aurora South mine was employing 
some 60 or 70 men, taking out about 50 tons of ore per day, A large quan- 
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tity of ore was already on the surface awaiting the completion of the com- 
pany’s mill, which has since gone into operation. The assessor's returns 
show that in the quarter ending December 31, 1869, 2,437 tons were worked, 
yielding on an average $43 59 per ton, in coin. The Aurora Consolidated 
mine during the same quarter produced 2,672 tons of ore, that yielded 
$28 50 per ton. In the figures just given there is a decided falling off in the 
yield of the rock as compared with earlier returns. ‘There would appear, 
however, to be large quantities of ore of similar grade, which in the future 
ought to be mined and milled at a fair margin of profit. 

Tue Fiars.—Just west of the Aurora deposits and a little further down the 
hill are the gently sloping surfaces known as Bromide, Chloride, and Pogonip 
Flats. The aggregate area included in these locations is about 2,000 feet long by 
an average width of 600 feet, amounting to about 25 or 30 acres. The deposits 
of ore present still another type, differing from those already described. The 
surface consists of limestone, lying in strata that are nearly horizontal, though 
dipping gently to the westward in most places. The strata are not always 
well defined, but are somewhat broken and irregular in their bedding; and are 
cut through by numerous seams and joints that are filled with crystalline min- 
erals, chiefly calespar, with some quartz. The ore occurs in channels, or 
pockets, of irregular form and variable extent. Not all the strata are ore- 
bearing; on the contrary the ore-channels appear to be confined to one, or, at 
most, to few of the limestone beds. The distribution of the ore-deposits over 
the area is quite irregular, and in accordance with no law or system 
thus far apparent. The conditions of their occurrence bear but little resem- 
blance to those that characterize deposits of ore in veins; they are, rather, a 
network of seams, channels, or chambers that extend themselves horizontally 
through the bed of limestone containing them, but with constantly varying 
directions and dimensions. The pay-ground is sometimes limited or separated 
from poor ground by seams or joints of calespar or by “floors” in the lime- 
stone, but they are as frequently ill-defined, the ore-bearing rock merging into 
and mingling with the barren rock, without any apparent line of demarkation. 

In their mode of origin these deposits may have a close resemblance to 
those of regular veins, for the breaks and fissures that traverse the region may 
have been the channels through which ascended from below the vapors or 
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solutions or other agents that have deposited or caused the formation of the 
quartz, spar, and metal-bearing mineral, in manner similar to that by which it 
is believed that fissures have been filled; with the difference, in this case, 
that the operation of these influences have extended laterally into certain beds 
- of limestone, the composition or character of which rendered them especially 
subject to such an action. 

On the Genesee, one of the claims on Chloride Flat, is an east and west 
seam, 3 or 4 feet wide, descending vertically, on which a shaft has been sunk 
over 100 feet. This shaft was closed at the time of the writer’s visit, and was 
inaccessible. The work is said to have shown a regular break or fracture in 
the limestone beds, and to have furnished ore throughout its entire depth, but 
not in quantity sufficient to pay as well as the surface deposits, and it was 
therefore abandoned. 

All the ore produced on the Flats, up to the time of the writer’s visit, 
had come from within 20 or 30 feet of the surface. Deeper shafts had been 
sunk through the bedded limestone, all of which, with the exception of the 
Kclipse shaft, were reported to have been unsuccessful in finding ore at greater 
depths. The Consolidated Chloride Flat Company had sunk a shaft to the 
depth of 140 feet, which passed through distinctly stratified limestones, lying 
in beds from 4 to 6 feet thick, nearly flat, but sometimes dipping slightly, 
showing numerous seams of spar in and between the strata, but without a 
trace of ore below the surface deposits. 

The Kclipse shaft, a little further north and near the edge of Bromide Flat, 
was sunk with the same view of exploration, and, at the depth of 112 feet, a 
bed of ore-bearing limestone is said to have been struck, resembling, in many 
respects, the stratum near the surface, except that the ore was less pure, the 
silver being associated with baser metals. A few feet had been drifted on 
this bed at the date referred to, but no extensive or decisive developments 
had been made. Nine tons of ore are said to have been produced from this 
stratum, near the bottom of the shaft, that yielded $116 per ton. 

The Flats are covered by hundreds of mining claims, that have been 
located under the laws which were devised and intended to apply to veins, and - 
the attempted application of such laws in the present case, where no veins 
exist, has, of course, produced a great conflict of interests. Within an area 
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800 feet square, in the region of Chloride Flat, there were nearly 250 inde- 
pendent locations, most of them claiming 1,000 feet in any direction assumed 
as the course of the vein, which, in practice, means any direction in which ore 
can be found. Nevertheless, considering the opportunity thus afforded for 
quarrels, there has been comparatively little difficulty, and opposing interests 
have been settled with less frequent resort either to violence or litigation 
than might have been expected. The claims have usually been located, and 
at first worked, by men who had no other capital than a few tools and their 
own muscle, and, if fairly ejected from one claim, they needed only to remove 
a short distance and resume operations on another streak of ore, the benefit 
of which they could enjoy until some older claimant could establish his title. 

ConsoLipaTED.—More recently some large companies have been formed, 
and many claims have been consolidated into one. ‘The Consolidated Chloride 
Flat Company is one of the most important of these, having gained, by original 
location, compromise, and purchase, title to a large area, perhaps 1,000 or 1,200 
feet square. ‘This association has been carrying on extensive mining operations 
in this field during a year past. In September, 1869, there were employed 
about 125 men in the works of this company, producing about 40 or 50 tons 
of ore per day. ‘There are two mills, belonging to the company, situated 
below Hamilton, to which the ore is hauled, in wagons, for milling. : 

The writer is indebted to Mr. John E. Plater, one of the officers of the 
company, resident at the mine, for the following statement of operations, which 
shows the quantity of ore produced from month to month, its assay value and 
yield per ton, total yield and percentage of its value obtained. 
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Operations of the Consolidated Chloride Flat Company from the date of organization to February 1, 1870. 


Miah Tons of ore | Assay value | Yield per Total yield) Per Cent 
produced. per ton. ton. obtained. 
- 
1869. 
Way vce ES tee ts EU ge. | Dene ee 381 $132 50 $107 80 | $41,007 07 81.2 
UGG: 6 oe ee GC ee eee eee 550 106 75 85 68 47, 124 97 80.2 
flyers ee oat a ees, ree eer: goo 74 86 52 25 47, 028 26 70.0 
PUOUSUM = mata ean al Tei) Seer ok aAauee I, 100 56 77 42 59 46, 849 79 75.0 
Seni@nler s 2 ye SIs a ee I, 000 57 46 44 13 44, 130 26 76.8 
COXON? cae Ce Lei ee eee 740 45 26 34 32 25, 3904 OL 75.8 
INovembery?t fra! 248.2 Poet 4 750 45 27 31 70 23,773 47 70.0 
Decemberssesr:-sie-aee I, 450 40 46 28 Io 40, 729 IL 69.6 
1870. 
Januaty- - - - - - - - - 1, 775 40 36 33 65 59, 732 64 83.4 
8, 646 - - - | Av.,$43 46 | 375, 769 58 


The total costs of mining and milling the above mentioned 8,646 tons of 
ore amounted to $254,884 73, giving an average cost per ton of $29 48, which 
leaves a margin of $13 98 per ton, between the yield of the ore and the cost 
of producing and milling it. The mining cost, alone, was $14 88, and the 
milling cost, including hauling, $14 60 per ton. 

Hinpen TREASURE.—The Hidden Treasure is one of the best known and 
most important mines of the region. ‘The deposit or ledge on which it is located 
was the first discovered of all those that have made White Pine famous. It is at 
the north end of the crest of the hill, and on the east side of the ridge, just over- 
looking Applegarth Cation. The claim, located as a ledge, is 600 feet long. 
The mode of occurrence of the ore is suggestive of a contact vein, as the de- 
posits are at the junction of the limestones and overlying slates, which are here 
conformably stratified, striking in a northerly direction and dipping flatly to 
the westward. The ore-seam, where distinguished, appears to be from 2 to 
4 feet wide on the average, but sometimes expanding to 15 feet. The de- 
posits have been stripped along the Jength of the claim, and the mine is also 
opened by a tunnel at the east end. The ore produced in early days was 
wonderfully rich. According to the returns of the county assessor there were 
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211.827, tons of ore obtained from this mine during the quarter ending Sep- 
tember 30, 1868, which yielded $1,140 60 per ton, currency, or over $800 
per ton, in coin. Since operations have been carried on more extensively the 
average yield of large quantities of ore has been between $50 and $60 per 
ton. Inthe last quarter of 1869 the original Hidden Treasure produced, ac- 
cording to the assessor’s returns, 9654 tons, yielding $51 78 per ton. The 
extensions, or adjoining claims, on this ledge have also been somewhat devel- 
oped, producing some rich ore, and sharing the reputation of the. original — 
location. 
Sufficient has been already said to indicate the main features of the ore- - 
deposits on Treasure Hill, and to show the different forms in which they occur. 
It will be needless to enumerate here all the other claims or mining proper- 
ties whose operations have made them locally celebrated. Some of them are 
important and extensive, contributing largely to the bullion production of the 
country. Such is the Treasure Hill Mining and Milling Company, working 
the Summit and Nevada and the Iceberg claims, located near the Aurora de- 
posits and on the Flats, and possessing characteristics similar to those de- 
scribed already. ‘The company just named, during the last quarter of 1869, 
produced from the three claims 2,445 tons of ore, yielding $43 per ton. 
Many of the claims in Mahogany Cafion were being worked in Septem- 
ber, 1869, and promised to be of much importance. The California, on the 
southwest slope, was also regarded as one of the important mines of the 
region. ‘The average cost of mining is probably fairly indicated by the state- 
ment of the Consolidated Chloride Flat Company, given on a foregoing page. 
According to this it amounts to nearly $15 per ton. Doubtless there are mines 
or small claims, the conditions or circumstances of which permit the extrac- 
tion of the ore at a much lower figure, while in others the cost will be a good 
deal higher. In some of the months of 1869 the cost of mining in the 
works of the company just named amounted to $20 per ton. Where the work 
is open to the surface and so situated as to avoid much windlassing or handling 
of the rock, the expense is diminished; but, in most cases, where opera- 
tions have become somewhat extensive, the ore is mined in chambers or cavi- 
ties below the surface, must be broken, assorted, and moved to the shaft or 
pit, and raised by hand. The irregular form of the deposits prevents such 
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economical and systematic methods of operation as are available in ordinary 
mines, and much labor is, therefore, involved in accomplishing the work. 
Labor costs $4 per day in coin; and this is the chief item of expense. It 
amounted to $1,260 in one month in the Consolidated Company’s works, the 
product being 900 tons; equal to $14 per ton; besides which the cost of sup- 
plies and materials was $1 per ton. The rock is pretty hard and requires 
blasting. According to Captain Roberts, superintendent of the Aurora Con- 
solidated mine, the cost of mining, per ton, is not less than $12. 

There are no steam hoisting works on any of the mines in this vicinity; 
ordinary hand-windlasses have sufficed for the depths to which mining has 
thus far been carried. The region is very dry and there is no water to be 
raised from the mines. The present method of operation requires little or no 
timbering. 

Mitumc.—The ores of the Treasure Hill mines are simple in character 
and are readily worked by the ordinary Washoe process, that is, by pan amal- 
gamation. ‘The silver-bearing mineral is chiefly chloride of silver. They 
require no roasting and yield a high percentage of their value when carefully 
manipulated. ‘The general features of the process and of the machinery em- 
ployed have been already described in the chapter devoted to the subject of 
milling of the Comstock ores. 

Although the chloride ores of White Pine require no roasting some of 
the mill-men of the district prefer to crush them dry, and, until lately, most of the 
mills were arranged for that method. The object in this is, or was, to avoid 
the loss that is involved by wet-crushing, in the washing away of fine particles 
of rich mineral, that are either swept away by the stream in the form of float- 
ing scales, or that are reduced to an impalpably fine condition and are carried 
off in the slimes, thus escaping the treatment of the pan. This was a matter | 
of much importance in working very rich ore, as the loss of a small percent- 
age amounted to a large sum in actual value; and the increased expense of 
crushing dry was therefore well repaid. For working ores of lower grade, 
however, wet-crushing is preferred, on account of its comparative cheapness ; 
and, of late, since the average value of the ores of the district has fallen off 


considerably, several of the dry-crushing mills are reported to have been re- 
55 
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arranged for wet-crushing. Some mills have a part of their stamps adapted 
to dry and a part to wet-crushing, so that either method may be selected 
according to the character of the ore to be worked. 

The ore, after being crushed, either dry or wet, is then worked in pans. 
These are of the kind already described. Among those in use are Varney’s, 
Wheeler's, Hepburn’s, McCone’s, and Fountain’s. The method of operation, 
the duration of the grinding and amalgamating process, the “chemicals” used, 
are generally the same as in the mills about the Comstock. Concerning the use 
of chemical reagents it may be said that some mill-men use a much larger per- 
centage of salt than is employed in working the Comstock ores, amounting, in 
some cases, to 2 per cent., or 40 pounds per ton of ore. The necessity for this 
is not apparent in working ore in which the silver is already supposed to exist 
in the form of chloride; and it would seem that the use of salt in such propor- 
tions is more the result of habit than careful reasoning. The practice appears 
to have been introduced into the district by men who were accustomed 


b 


to the working of so-called “rebellious” ores, or those that require to 
be roasted with a large percentage of salt, as is the case at Austin; and who, 
though dispensing with the roasting process, retained the use of salt, appa- 
rently without much consideration of the necessity of the case. Other mill- 
men coming from the vicinity of Virginia City adopted the methods in use 
there, employing two or three pounds of salt and a little sulphate of copper 
with each charge of ore. According to Captain Rawlings, superintendent of 
the Manhattan mill, near Hamilton, an increase in the amount of salt used 
with the ore did not improve the result. 

The percentage of the assay value obtained from the ore is shown in the 
statement of the Consolidated Company’s operations. It varies from 70 to 
little over 80 per cent. In some mills the percentage obtained is said to 
be still higher, even exceeding 90 per cent., especially where dry-crushing 
is employed, as in this case there is less mechanical loss by the action of the 
water and in the slimes. At the Manhattan mill several assays of tailings, 
made in the month of August, 1869, gave an average value of about $13 per — 
ton. An assay of the slimes at the same time gave a value of $64 per ton. 


The bullion produced is generally very fine. The precious metal is sil- 
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ver only. The average quality of the bars is 939, to 36%. The Eberhardt 
mill was producing bullion, at the time of the writer’s visit, that was from 
24; to 228; in fineness. 

The average cost of milling has been indicated in the statements already 
given. ‘The expense of treating 8,646 tons by the Consolidated Chloride 
Flat Company was $14 60 per ton. This includes hauling, an item amount- 
ing in this case to $4 50 per ton. The figures above given are the average of 
all the ore treated up to February 1, 1870, and the costs in the latter part of 
the included period were probably little less than the average of the whole, as 
some ifems of expense have since been reduced. Moreover, the company had 
between 200 and 300 tons of their ore worked in custom mills, at high prices, 
which would slightly increase the average of the whole. 

In the month of August, 1869, the cost at the Manhattan mill was $12 34 
per ton. The items composing this cost were as follows: 


TLelsae. alc Bo Sister a $3,414 25 or, per ton, $3 10 
Supplies: and \materials..: 40 2.4-.--.-. 5,208 45 or, perton, 4 74 
Jalili ae ba oetele Mee ee pee 4,950 00 or, per ton, 4 50 
LP ROOMton sttatalee ss, aoe oa ars oes US VN ( 4) oA: 


Allowing $4 50 for hauling, this sum is reduced to very nearly the same 
as that shown to be the cost of milling at Washoe in some steam mills. 
Labor is rather higher than at Washoe, and in the Manhattan mill, from which 
these figures are obtained, more men are required in handling rock than are 
usually employed at the Washoe mills. This is due to the want of a rock- 
breaking machine, a suitable dump for the ore, and convenient arrangements 
for fuel. ‘Thus, the men employed were: 5 rock-breakers, 3 feeders, 3 amal- 
gamators, 2 retort men, 3 wood-wheelers and passers, 2 firemen, 2 engine 
drivers, 1 carpenter, 1 watchman, 1 foreman; in all 23. 

The price of this labor is from $4 to $6 per day. The company own a 
boarding-house and board their men. In the Eberhardt mill, where the men 
are paid without board, the prices were as follows : 
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@hiefengineer, forjtwo mullss- o-oo $8 00 per day. 
Engine drivers. ale 22a. Sab hae oe s See eno nO0 ipemedaxe 
Pan men oi /2s ee ee ee eee 5 50 per day. 
Feeders j2!2::: 6 sable Gobi ee ae eee 4 50 per day. 


Castings are also more expensive than in Washoe, as is, indeed, every- 
thing else in which freight is an important element of the cost. Salt 
costs three cents per pound. Fuel is generally supplied to the mills of the 
district at $5 50 to $6 per cord. It is of fair quality, consisting of pine, cedar, 
and mountain mahogany. 

Water is derived by some mills from springs near which they have located. 
To others it is supplied by the White Pine Water Company ; the price in this 
case was, at last accounts, $1 per day, per stamp supplied. At this rate the 
cost for water would be from 50 cents to $1 per ton, according to the capacity 
of the stamp. 

The following is a list of the mills that were in operation, or nearly com- 
pleted and ready for work, in the neighborhood of Treasure Hill, about the 
end of September, 1869. The capacity of each mill is indicated nearly, but 
cannot be stated exactly. It depends on whether the crushing be wet or dry, 
on the character of the ore, size of the screen, and various other conditions 
that may vary in the same mill at different times. The figures are inserted 
in the column partly from the statements of the managers of the mills, partly 
from estimate. 


CENTRAL AND EASTERN NEVADA. 437 


Crushing Mills in the vicinity of the Treasure Hill Mines, September, 1869. 


= TE 
Name of mill. Locality. z Metod of Number of pans. 2 tm 3 
ei crushing. “z Oo 
5 4 gm 
Z z |S 
Manhattan - - -j Below Hamilton . .- 24 Wietep t=) ©) |snOhVarieyae ir. 8 | 40 
Dayton =) =) = =| Below Hamilton’ | \- 20 Wetanddry| 6McCone . 4 | 30to35 
Treasure Hill Mining | In Hamilton - - ~ 20 Wet = -| 6 Fountain = 4 | 35to4o 
and Milling Co. 
VinUeSe eee mes at esi) Ln elamiltoni ys = 9 2 Io Dry- - -| 6(@ Varney) - 2 | Io 
Murphy's - - - - | Applegarth Cafion - 5 ee) eS ee ee ee 3 8 
Nevada - - - -| Applegarth Cafion - Io Wier i =|) 3. MicCone = 3) "20 
Henderson - - -| Applegarth Cafion - 7 PE eal | ae ee eee = exo 
fhreclOuGm. tee me wera) ore ht ty Sr, Io FOS = ech) anes Cope sw 2252 Slats 
@aliformiay =) ||) Bberhardt City =.= 30 Diyos) |) Lo) Wheeler? = 8 | 40to 50 
Moyle & Sears - - | Near Shermantown - 5 Bo Eo ee || eh et ee 3 5 
Kohler. - - ~- -| Near Shermantown - 81 had ey tT RS es BIR 12 3 5 toro 
Metropolitan - - -|InShermantown. - I5 Dry elon Llepburn2 = 5 | 20to25 
Eberhardt - - - -|InShermantown. .- aK) Diya = | LO) Vareys— = 3 | 12toI5 
Eberhardt, 2d - - -|InShermantown. - 8 Dryer ae |) 4 Wiheeler 2 7 
Men Onn tetgEs sein OWwanseal elms mess -u|(Crisher| 9-94) +1) ft Hepburn) : 5 
1 Howland’s battery. 2 With wooden rim. 


In addition to the mills above named may be mentioned the Monte 
Christo mill, 12 or 14 miles distant, containing five stamps; and the Newark 
or Centenary mill, in the Newark district, 30 miles distant, containing 20 
stamps. The last-named mill is also provided with roasting furnaces. Both 
these mills worked on White Pine ore before others were built nearer to the 
mines. 

Among the mills named in the foregoing table are several that were 
brought from other parts of the State, where they had been already in use. 
Others are quite new and combine, in their construction, many of the improve- 
ments that are the results of long experience in milling. The California mill 
is one of the best in the State, and is very well arranged for economy in labor. 
The mill stands on sloping ground, and is so laid out that the ore, in passing 
from one stage of the process to the next, has the advantage of gravity, and is 
moved with the least possible outlay of power. 
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The ore is carried into the mills by the wagons that bring it from the 
mine, and is dumped upon a paved floor, several feet below the platform on 
which the wagon stands, so that there is space sufhcient for a large accumula- 
tion of rock. Thence it is passed through a Varney and Rix crusher, the 
mouth of which is even with the floor. From this it is delivered upon a dry- 
ing floor, consisting of flues covered by boiler plate. The area of this floor 
is 10 by 48 feet, with a firing-place at each end. When sufficiently dry for 
stamping the ore is shoveled into cars, standing on a track on a lower floor, so 
that their upper edges are below the drying floor. These cars, when full, are 
then moved forward to the batteries, where they serve as hoppers to supply 
the ore to the stamps, as the front end of each car is provided with the self 
feeding apparatus. By pushing the car up to the battery and securing it there, 
by a simple contrivance for that purpose, it discharges its contents gradually 
into the mortar, according to the rapidity with which the material is crushed. 
The stamps are 30 in number, arranged in six batteries of five each, with a 
separate cam-shaft for each two batteries ; the stamps weigh 750 pounds, drop 
9 inches, making 95 or 100 blows per minute. Screens are No. 40 wire- 
cloth. The discharge is on both sides of the mortar. The crushed ore is 
collected in tight chambers that inclose the mortars, and are so constructed as 
to discharge their contents through sliding or trap doors, and without any 
shovelling, into cars, by which the ore is carried to the pans. The pans are 
arranged in two parallel rows, at right-angles to the line of batteries; the car 
track passes between the two rows of pans, supplying either side. Wheeler's 
improved pans are used in this mill. The pan-bottom, made with a steam-cham- 
ber, is cast without a rim, but has a flange near the periphery, around which the 
wooden staves are fitted and secured by an outer iron band. Tach pan takes one 
ton at a charge, and works four charges per day. Below and in front of the pan 
are the settlers, of the pattern known as Belden’s; there are eight of these, 
one for two pans. Beyond these, on a lower level, are the agitators, four in 
number. There are four retorting furnaces, capable of receiving 1,400 to 
1,600 pounds of amalgam, and two melting furnaces. Power is supplied by 
an engine, 20 inches diameter by 36 inches stroke, to which steam is furnished 
by two boilers. 

Button Propuct.—The bullion product of White Pine, or the mines about 
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Treasure Hill, from the beginning of operations in the summer of 1868 to the 
close of that year, may be stated in round figures at $500,000; and during the 
year 1869 at $3,000,000; making in all, to January 1, 1870, $3,500,000 in coin 
value. This is based upon data chiefly obtained from the books of the various 
express companies or forwarding agents, through whose hands the bullion has 


passed. 
According to these sources of information there were sent to Austin, in 

1868, and worked at the Manhattan mill, 4234 tons of ore, yielding. - $135, 584 17 
And the product of the Newark mill, likewise shipped through Austin. . 397, 475 68 


533, 059 85 


Careful inquiry in Austin showed that of the last item, a portion, not 
exceeding $13,000, was produced by the Chihuahua mine in the 
Newark district, which being deducted, leaves, say........-.----- $520, 000 00 
The express companies in Hamilton, Treasure City, and Sherman com- “ 
menced shipments late in 1868, and up to September 20, 1869,! the 


agorecabe, Of bhese amounted) to). 222). 252.222 n-ne ese ee ee eee ees 2, 381, 000 00 
Shipped from Newark office to same date............---.--.--..-.- 106, 000 00 


Making a total to September 20, 1869......-.......-..--....-.---.. 3, 007, 000 00 


The statements of the county assessor for the quarter ending December 
31, 1869, show a product for the last three months of that year of $537,289 61; 
which, added to the foregoing, gives an aggregate of over $3,544,000, without 
taking into account the shipments of the last ten days of September, or the 
amount by which the actual production of the last quarter may have exceeded 
the assessor's return. ‘The bullion shipped from the Newark office, and the 
- amount reported by the assessor for the last quarter, include something, prob- 
ably less than $20,000, derived from the Chihuahua and other mines not be- 
longing to the Treasure Hill group. 

- This sum total is considerably larger than would appear from the books 
of the county assessor; but that officer's statements are, probably, never in 
excess of, and doubtless often less than, the whole product. There are many 
small quantities of bullion, produced by parties who work on too small a scale 


1The writer is indebted to Mr. W. T. Childs, of Wells, Fargo & Co.’s office in 
Treasure City, for aid in obtaining this information. 
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to attract attention, that escape taxation altogether. ‘These sums are small 
individually, but may make a considerable amount in the aggregate. They 
may not be reported to the assessor, but are almost always deposited at the 
express office; consequently the data obtained from the latter source, if cor- 
rectly stated, are more likely to express the actual truth. 

The following table gives an abstract from the county assessor’s books for 
the year 1869, which, as just intimated, can only be regarded as a partial state- 
ment of the product of the district, even during the period referred to. It 
includes nothing of the product of 1868. The values expressed are in coin. 


Data obtained from the Quarterly Returns of the Assessor of White Pine County, showing the quantity of ore 
produced by the mines of the district and the yield of the same. 


: Average value 
Quarter ending— Number of tons. Total value. 
per ton. 

March 31, 1869 948 $278 48 $263, 999 47 
June 30, 1869 - 4, 274% 99 74 416, 385 85 
September 30, 1869 IO, 329 58 59 605, 192 86 
December 31, 1869 12, 947 4I 50 537, 289 61 
28, 39814 64 19 I, 822, 867 79 


From the foregoing it appears that the average yield of the ore is falling 
off considerably from that obtained in the earlier days of operation. There is, 
however, a fair, and with the gradual reduction that may be expected in the 
costs of operations, even a large margin of profit in working rock that yields 
$40 to the ton. The. great question is that of the quantity of ore available, or 
the extent of the deposits, and that can only be answered by actual develop- 
ment. 

Bast Mrran Raneu.—The Base Range, so called from the nature of its 
metalliferous deposits, in which lead and other inferior metals predominate, is 
also regarded, according to late accounts, as an important element in the future 
of the district. The locality thus designated is a low ridge which lies between 
Treasure Hill and White Pine Mountain, trending north and south, with a 
length of two or three miles. It has been prospected within the past year, 
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and numerous deposits of lead have been opened. At the date of the writer’s 
visit to White Pine none of these had been sufficiently developed to afford 
very decisive evidence as to their nature and extent. 

The deposits then appeared in the form of masses or pockets of ore, dis- 
tributed irregularly in the limestone. Some of them had furnished consider- 
able quantities of ore, but all trom near the surface. The ore consists chiefly 
of the oxide and carbonate of lead, containing from 50 to 60 per cent. of metal, 
with an average of 50 ounces of fine silver to the ton of metal obtained. 

Several smelting furnaces were built in the vicinity during the past year, 
most of them being of an experimental character. At Mosheimer’s establish- 
ment, in Swansea, there are two furnaces, one of which has the capacity to 
treat 20 tons of ore daily. This is a simple shaft or blast-furnace, built of 
sandstone that is found in the vicinity, and said to be excellent material for the 
purpose. The work had not been long in progress, but, according to Mr. 
Keyes, the metallurgist of the establishment, the average yield of ore, thus far 
treated, was, as above stated, about 50 per cent. of metal, carrying 50 ounces 
of silver to the ton. The metal, when obtained, is shipped to San Francisco, 
where the lead was then said to be worth about $90 per ton, and the con- 
tained silver, unseparated, $1 per ounce. Several small lots of lead had been 
shipped, at the time referred to, amounting in all, so far as the writer could 
learn, to 25 or 30 tons. Newspaper statements place the value of metal ship- 
ped from the Base Range, from the commencement of operations to January 
1, 1870, at $50,000. 

Furi anp Water.—The supply of fuel in the district has been already 
referred to. White Pine Mountain and the hills of the surrounding country 
possess what, for that country, may be considered an abundant growth of 
timber. Saw-mills are established, and a fair quality of lumber is produced, 
that sells at about $100 per thousand feet. Fuel is cheap, considering its cost 
in many other districts of the State, being supplied to mills at $5 50 to $6 
per cord. 

The supply of water in the immediate vicinity of Treasure Hill is very 
limited. In some of the neighboring cafions there are streams and springs, 
affording water to mills located near them; but until the pumping works of 


the White Pine Water Company began operations, there was considerable 
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difficulty in obtaining enough water even for domestic purposes, not only in 
Treasure City, where there is no natural source of supply, but in Hamilton, 
where it is very scarce. 

Waite Pinr Water-Works.—The Water Company, organized in San 
Francisco with a large capital, projected works on a truly magnificent scale, 
for the purpose of furnishing water to the towns of Hamilton and Treasure 
City, and to the mills situated in the vicinity. Their source of supply is a 
spring found in a cafion on the east side of the range of mountains that is im- | 
mediately east of Applegarth Cafion. ‘This spring which furnishes an abund- 
ant supply, is nearly or quite 1,000 feet below the summit of the pass over 
which the water must be carried in order to descend into Applegarth Cafion. 

To raise the water from the spring to the pass, pumping works of great 
power and capacity have been built, employing the double-acting Cameron or 
Stoddard steam-pumps. ‘The steam-cylinders of these pumps are 22 inches 
in diameter, and 5-foot stroke, and the water-cylinders 10 inches in diameter. 
The pipe, or column, through which the water is forced is 12 inches in diam- 
eter, and made of riveted boiler-plate, in sections 20 feet long, joined together 
by means of a cast bell and socket joint, that is filled with lead. 

The works established at the spring consist of two duplex pumps, either 
of which has sufficient capacity, allowing one to be held in reserve for emer- 
gencies. There are two boilers and all the necessary appurtenances for carry- 
ing on the operation. | 

The water is pumped from this point in a single lift, 470 feet, to a reser- 
voir, where a similar pumping station is established, by which means the 
water is again raised nearly an equal distance, 465 feet, making 935 feet in 
all. The column is- buried in the ground for protection; the aggregate length, 
for the two stations, is 10,487 feet. 

At the elevation to which the water is raised by the second pumping 
station there is a capacious reservoir, from which the water is carried through 
a tunnel, 307 feet long, passing under the crest of the ridge, and opening, on 
the other side, upon Applegarth Catton. Thence the water is led down the 
slope in a 12-inch pipe, descending vertically 420 feet, in a distance of 3,187 
feet, near which point the supply for Hamilton and the mills in Applegarth 
Caiion is withdrawn, the pipe continuing upward on Treasure Hill to a station 
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400 feet above the lowest depression, and 2,739 feet distant, to which point 
the water is forced by its own pressure in the inverted syphon. At this sta- 
tion other pumping works are established, using four Martin pumps, and rais- 
ing the water to Treasure City, 682 feet higher. This is accomplished in a 
7-inch pipe. The supply pipes for the towns are 3-inch tubing. The capacity 
of these works is stated by the engineer, Colonel Buckley, at 2,500,000 gallons 
daily. The supply at the spring is said to be not less than 5,000,000 gallons. 
The cost of the works is stated at $300,000 in coin. They commenced run- 
ning in October, 1869. 

Newark Disrrict.—The Newark district is 25 or 30 miles north of White 
Pine, being by that distance nearer to Elko, its point of connection with the 
Pacific railroad. It was organized in October, 1866, and, until eclipsed by the 
later developments of White Pine, was the principal mining region in that part 
of the State. It is on the east slope of the Diamond Range. The principal 
developments have been made by the Centenary Company, who own claims on 
several veins, the most important, according to present appearances, being the 
Chihuahua. This ledge occurs in an outlying spur of the range, in which the 
limestone strata appear to strike northwesterly, dipping flatly to the westward. 
The vein has a similar course, but nearly a vertical dip, inclining a little to the 
westward. Its croppings are very prominent, standing up 30 feet or more 
above the surface. The vein is from 6 to 15 feet wide, and is filled with 
quartz and calespar. The ore, which is usually associated with the former, 
consists of antimonial and sulphureted combinations of lead, copper, and silver. 
It requires to be roasted for the extraction of the latter. Its average yield 
appears to be between $80 and $100 per ton. The ledge and its inclosing 
rocks are cut through transversely by a deep cafion, which affords a favorable 
opportunity of working the mine by means of tunnels or adits. Two or three 
of these have been driven, one above the other, and several hundred feet long. 
As nearly as could be ascertained by the writer, about 900 or 1,000 tons of 
ore have been produced, yielding something less than $100 on the average. 

The company own a fine mill, situated about three-fourths of a mile from 
the mine. It contains 20 stamps, 8 reverberatory roasting furnaces, 10 pans, 
and 5 settlers, driven by an engine of 140 horse-power. It is said to have 


cost $130,000 in currency. The cost of the mine improvements is stated at 
$50,000 more. 
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Of the costs of operation the writer could learn but little. During the 
White Pine excitement the mill was chiefly employed in working on ore from 
that district, as the profit, at the prices then paid for milling, was greater than 
could be derived from the ores of the company’s mine. Only a small force 
was at work in this mine in the summer of 1869. 

The country south and east of White Pine, already partly prospected and 
somewhat developed before the Treasure Hill discoveries attracted general 
attention, has been more thoroughly examined, within the past year or two, 
than ever before. Many new districts have been formed, and from some of 
them the most encouraging accounts are being reported. ‘The writer was 
unable to visit any of them. Of some of the older districts descriptions may 
be found in the reports of the United States Commissioner of Mining 
Statistics. 

North and east from White Pine is the Egan district, lying on the old 
overland road. ‘The principal mine of this region was visited by Mr. 8S. F. 
Emmons, whose notes concerning it are added here. 
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St Cub ON. VOR, 


EGAN CANON DISTRICT. 


BY S. F. EMMONS. 


The Egan Mountains form the first high range east of the Kast Hum- 
boldt Mountains, their highest point attaining an elevation of 10,490 feet above 
the level of the sea. They are mainly composed of stratified limestone, rich 
in fossils of the Carboniferous period, and having a general dip to the west- 
ward. About fifteen miles south of the latitude of Camp Ruby, and perhaps, 
thirty miles east of that point, the range widens out into two distinct ridges, 
which extend to the south, inclosing between them a pretty mountain valley, 
eight or ten miles long, and about a mile wide. This valley is 200 feet above 
the level of Butte Valley, and about 500 feet above Steptoe Valley, which lie, 
the one on the west, the other on the east of the Egan Mountains. It gives 
access to a very considerable amount of timber, with which the surrounding 
hills are well covered, consisting chiefly of juniper and piiion, useful for fuel, and 
some yellow pine and fir, which furnish mining and building timber. Besides 
several springs, the valley has a small stream, fed by the melting of the snow on 
the high peaks to the southeast, which runs northward along its eastern edge, 
and finds an outlet into Steptoe Valley through a narrow, precipitous gorge in 
the eastern ridge at the northeastern extremity of the valley. This gorge is 
Egan or Gold Cafion, which gives its name to the district; through it the Over- 
land Stage road descends into Steptoe Valley, by which it is about 240 miles from 
here to Salt Lake City. A road running north through Steptoe Valley reaches 
the railroad at Toano, about 90 miles distant. At the entrance to the cafion, 
and on the grassy bottom of the valley just above it, is the little mining town 
of the same name, 6,379 feet above sea level. 

GroLtocy.—The ridge west of the valley is composed of strata of a blu- 
ish-gray limestone, dipping gently west, the regular continuation of the north- 
ern portion of the range, while the eastern ridge has an entirely different 
character, being composed of granite, quartzites, and slates, the latter uptilted 
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ata steep angle, and having a north and south strike. They evidently be- 
long to an earlier formation than any of the Carboniferous limestones of this 
region, but their connection with strata of well-determined age has not been 
traced ; no fossil remains have as yet been discovered in them, but they resem- 
ble in lithological character the quartzites of the Uintah Mountains in Utah. 
The granite forms the eastern foot-hills of the ridge, extending for about half 
a mile up Egan Cajon; it seems to extend further into the hills to the south, 
and only to form the extreme foot-hills to the north; it is succeeded above by 
quartzite, which forms steep, rugged cliffs, rising precipitously a thousand feet 
or more on either side of the cation. The granite, at the mouth of the cafion, 
is much decomposed on the surface, and stained with iron oxide, while higher 
up it is more compact, and contains a large proportion of quartz. There seems 
to be a regular transition from granite into quartzite, the intervening rock 
being composed of rounded grains of limpid quartz, in a green, feldspathic 
paste; the quartzite itself, which is the predominating rock in the caiion, re- 
tains this structure in a measure where the feldspar has disappeared, and _al- 
most resembles an eruptive rock; it has a massive structure, in which the 
bedding is still visible, however. 

The upper part of the cafion is in slates, which succeed the quartzite and 
alternate with it; the slaty structure is generally very regular, the lamin 
being about half an inch thick; their cleavage planes seem to conform to the 
line of stratification. The predominating slates are of greenish and purplish 
colors; the former seem to be a fine-grained mica-schist, while the latter are 
frequently nothing more than quartzite, with a slaty structure; these have 
frequently rounded grains of limpid quartz, which give them the appearance 
of a conglomerate. On the very edge of the upper valley is a small outcrop, 
about. 30 feet thick, of finely laminated, argillaceous slates, which present very 
beautiful dendritic markings on their surface. These slates split easily into 
very thin slabs, which are tough and somewhat flexible, and apparently well 
adapted for roofing slates. 

Minera Depostrs.—The first discoveries in this district were of gold, 
whence it was called Gold Cafion; but no great amount of gold having been 
produced, it is better known as Egan Cafion, a name derived from that of one 
of the first explorers of this region, who fixed the present location of the stage 
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road. A small vein of gold-bearing quartz, high up on the quartzite cliffs on 
the north side of the cafion, has been worked in a small way by two miners, 
Mr. Kinsley and his partner. Their ore is a pure, white quartz, showing small 
stains of iron oxide and occasional specks of free gold. It was broken by hand 
to the size of a walnut, and ground and amalgamated in a small arrastra, which 
was run by a small overshot wheel; its capacity was about 500 pounds per 
diem. The ore yielded by this rude process about $40 per ton. 

The main producing vein of the district is the Gilligan, which is in the 
slates, running across the formation and probably extending into the quartzite. 
It has a northeast and southwest strike, and dips to the northwest at an angle 
of 60° to 70°. It crops out a hundred feet or more above the level of the 
upper valley, on the southeast face of a round-topped hill or spur, which bor- 
ders the upper part of the cafion on the north. This vein is remarkable for 
its uniformity, both in size and yield; it averages five to eight feet in width, 
reaching fifteen feet in some places, and pinching to two and a half feet at one 
point. While its average yield is about $60 per ton, richer portions go as 
high as $200, and the second-class ore as low as $40. The ore is a white 
quartz, more or less broken, and stained by the oxide of iron, carrying sul- 
phurets of silver, and probably some free gold. ‘The bullion produced is .937 
fine, and gives, in value, two-fifths gold to three-fifths silver. The vein has 
been followed and tested, either by surface or underground workings, for a 
distance of 800 feet, and its croppings traced to a much greater distance. On 
the surface it shows distinct walls on either side; in the underground work- 
ings the hanging wall presents a very handsome and well-defined clay gouge, 

while the foot-wall seems to lose itself in the country-rock, which is impreg- 
nated with quartz to some distance from the vein. This vein is the property 
of the Social and Steptoe Mining Company of New York, whose claim is 
3,800 feet in length. This company was incorporated in September, 1866, 
with a nominal capital of $2,000,000, being formed by the consolidation of 
the two companies whose names it bears. It owns, besides the Gilligan ledge 
already mentioned, a five-stamp mill, at the entrance to the cafion, offices, 
houses, and school-house in the town; a ten-stamp mill, the frame of which is 
standing near the lower end of the cafion, while the machinery and stamps, 
which came from the East, are at Salt Lake City, and likely to remain there; 
also various wood claims and undeveloped ledges. 
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Tur Mine.—The work in the mine has been done slowly and in a small 
way. The principal shaft, or incline, which was worked by a horse-whim, has 
been sunk in the vein, following its varying inclination, to a depth of 400 feet. 
At this depth an influx of water froma spring caused them to abandon the 
lower works, as they had no pumps; these were filled up even with the 
300-foot level with second-class ore, but are now being reopened. On the 
300-foot level, drifts have been run 150 feet to the southwest and nearly the 
same distance to the northeast. In the former the vein has maintained an 
average width of 5 or 6 feet of good ore throughout, and the hanging wall 
shown—a clean, polished surface of decomposed slate ; the vein is divided into 
two parts by a thin clay selvage, which runs through its whole length; some 
two and a half feet toward the hanging wall are of first-class ore, while the 
remaining three feet toward the foot-wall are second-class ore, which has 
hitherto been rejected and used for filling up old works. The whole is a mass 
of iron-stained quartz, so much broken that it can almost be taken out with 
the pick ; occasional spots of soft, black matter, probably resulting from the 
decomposition of a concentration of sulphurets, are said to be very rich. At 
the end of the drift a piece of ground about 6 feet high by 15 feet long has 
been stoped out above the gallery. In the northeast drift the vein pinches to 
about 24 feet; ata distance of 100 feet from the shaft the quartz becomes 
whiter and more compact, but it opens out again at the face, and shows the 
same character of ore as in the other drift. Irom this level to the surface are no 
other workings; the incline is said to have been in good ore, and in the same 
width of vein throughout its length. Just at the surface, to the northeast of 
the shaft, a small body of ore has been stoped out, which yielded in the mill 
$18,000, being an average of $200 to the ton. This incline was originally so 
narrow and crooked that its extracting capacity was very limited, and it was 
found necessary to enlarge and straighten it. This work was commenced in 
March, 1868. As it now stands the shaft has two hoisting compartments 
and a ladder-way; it is well timbered and ceiled with two-inch stuff. To 
the northeast of this shaft, at a distance of about 150 feet, a prospecting 
shaft has been sunk to a depth of 75 feet on the vein, and said to be in good 
ore; at a distance of 300 feet, in a re-entering angle of the hill, a second shaft 
is down to the 300-foot level, which it is designed to connect with the main 


shaft and use as an air-shaft; in it the vein averages about 8 feet wide, and is 
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said to yield well, though the quartz, whiter and more compact, does not look 
as rich as that in the main works. 

To the southwest of the main shaft a trench has been dug, stripping the 
vein to a distance of 500 feet, thus passing a change in the formation from 
_ quartzite into slate; the yield was good all the way, and gave more gold after 
coming into the slates. A good grade leads down from the main shaft to the 
mills. 

Mit1s.—The old mill is situated just above the town on the banks of the 
stream which runs out through the cafion. It is a small frame building, with 
blacksmith shop attached ; has for motive power a small steam-engine of 8-inch 
cylinder, which runs, besides the machinery of the mill, a small circular 
saw on the outside, used for sawing mining and building-timbers. It has a 
battery of five stamps, weighing about 650 pounds each; these stamp dry, and 
the pulverized ore is carried from a battery to a dust-chamber above by a fan 
blower, which makes about 2,500 revolutions per minute; they claim by this 
means to save much dust. The ore is ground and amalgamated in three Var- 
ney pans and two settlers, which have a capacity of about five tons per twenty- 
four hours, though the crumbly nature of their ore would permit them to stamp 
more. Wood, as fuel, costs, laid down and corded at the mill, $3 50 per cord. 
For timber they obtain from the neighboring hills fir and yellow pine. 

Mr. O’Dougherty, the superintendent, states that from the first opening 
of the mine to March, 1868, the running expenses have been paid by what they 
have been able to crush in this mill, which has yielded in all about $80,000 
bullion. Since that date the mill has been idle, as no ore could be extracted 
while the repairs on the main shaft were going on. At the present time, 
September, 1869, the company is building a 20-stamp wet-crushing mill with 
large pans of the best approved models, whose capacity may be doubled if the 
supply of ore demands it; they expect to reduce the ore at a cost of $12, coin, 
per ton, including mining expenses, and calculate on an average yield of $40 
per ton, from the whole vein, which would give a very handsome profit 
from the amount of ore now in sight. The mill is to be finished during the 
fall, and the steam hoisting works of the main shaft are already in running 
order. 
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CHAPTER VII. 
THE GREEN RIVER COAL BASIN. 


The Great Basin is bounded upon the east by the Wahsatch Mountains, a 
definite, single range vieing in altitude with the Sierra Nevada. Along its 
western base lie the deepest plains of Utah, sinking to the level of 4,000 feet, 
and occupied by low desert ranges, wide expanses of alkaline desert, and saline 
lakes, of which Great Salt Lake is the largest aad best known. Those low 
mountain chains which lie traced across the desert with a north and south 
trend, are ordinarily the tops of folds whose deep synclinal valleys are filled 
with Tertiary and Quaternary detritus. They are composed of sedimentary — 
beds, dating from the Azoic up to the late Jurassic. It is common, however, to 
find no rocks higher than the Carboniferous, for immense erosive action has grad- 
ually removed the uppermost members of the series of tables, the Carboniferous 
limestone offering sufficient resistance to the weathering forces to protect the 
lower members of the group. The Wahsatch itself is one of the most impor- 
tant mountain ranges of America. Its summits tower to the region of per- 
petual snow and its bases are cleft down sometimes to the level of the Utah 
plain. Canons of extraordinary abruptness are water-carved transversely through 
its rock material, opening with bold, picturesque gateways upon the level of the 
Mormon lowlands. The materials of this range are in general identical with 
those of the other great Cordillera chains, but they are here developed and 
exposed on a scale of grandeur and clearness of relation which is nowhere 
else apparent. Tifty-six thousand feet of conformable stratified rock make 
up its bulk. A lower group is composed of about 25,000 feet of intercalated 
quartzose, mica, and hornblendic schists. The quartzites at the uppermost 
limits of the group arrange themselves in finely stratified layers or solid beds 
of extreme thinness. Overlying these is a series from 3,000 to 4,000 feet in 
thickness, embracing representatives of Silurian, Devonian, and Carboniferous 
periods, eight-tenths of this Paleozoic group being composed of calcareous and 
dolomitic materials, but interrupted during their lower half by intercalated 
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beds of quartzite and rough grit. A more minute subdivision of this group 
is carefully discussed in the earlier volumes. Overlying these limestones is the 
Triassic series, composed through the lower two-thirds of quartzite, passing 
upward into fine siliceous limestones, and finally into heavy beds of dolomitic 
limestones 1,800 feet thick. Above this and closing the Triassic series are 
further developments of siliceous lime-beds, capped by very typical red sand- 
stone, which forms an excellent datum-point in a description and study of the 
whole region. Overlying this again are alternate limestones and quartzose 
beds, which are here and there replaced by argillaceous and calcareous 
strata, forming a group in which lime, clay, and sand mingle themselves in 
extremely varied proportions. With these the conformable group ceases, and 
here the rock of the old Wahsatch Range may be said to end. ‘To the west 
no others are superimposed upon their bases, but upon the eastern side a 
series of Cretaceous and Tertiary deposits are laid down unconformably. 

From the Wahsatch to the Sierra Nevada there is no evidence of marine 
rocks subsequent to the Jurassic. Indeed, the whole great basin is a system 
of folds of the infra-Jurassic rocks, whose accidental depressions and whose 
broad, continuous synclinals are more or less filled with the fresh water Ter- 
tiary deposits, which indicate a former system of fresh-water lakes. No- 
where along the west side of the Wahsatch has any trace of Cretaceous forma- 
tions been found. ‘The only beds more recent than the Cordillera group are 
certain calcareous and sandy strata, in which are found large quantities of 
fresh water fossils, both of mollusks and vertebrate life. 'The mammalian re- 
mains indicate a fauna similar to, if not identical with, that which has been 
so thoroughly described in the papers of Meek, Hayden, and Leidy on the 
Niobrara and White River formations. Besides these are a few. stratified, 
volcanic deposits, chiefly tufas of the Rhyolite and Trachyte periods. Subse- 
quently to those nothing is found, except the Quaternary deposits, which, over 
the whole west, mark the post-glacial erosion. 

The Wahsatch, then, is the dividing line between the Central and the At- 
lantic geological systems. It was the westward barrier to the Atlantic Creta- 
ceous formation. 'The ocean, during the Cretaceous, so far as we know, never 
penetrated that region which is called the Great Basin. The rocks of that 
period are made up of about 9,000 feet of cream-colored and buff sandstones 
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and calcareous grits. They are chiefly composed of fine, siliceous sand, con- 
taining here and there finely comminuted micas, and interrupted at frequent 
intervals by zones of conglomerates, whose well-rounded pebbles of metamor- 
phic rocks point for their origin unquestionably to the strata of the Wahsatch. 
Near the summit of the 9,000 feet, a looser texture begins, and this change 
is rendered very noticeable by the introduction of beds of coal, which, for an 
unknown distance upward, probably several thousand feet, reappear through 
a zone of constantly changing sand and mud rocks. The fossil life, which 
clearly indicates a Cretaceous age for the deepest members up to and includ- 
ing the first two or three important coal beds, from that point gradually 
changes with a corresponding alteration of the sediments, indicating a transi- 
tion to a fresh-water period. The coal continued to be deposited sometime 


after the marine fauna had been succeeded by fresh-water types. The 


species of fossils are im no case identical with the California Cretaceous beds, 
which occupy a similar geological position on the west of the Sierra Nevada. 
Their affinities decidedly approach those of the Atlantic slopes, while the 
fresh-water species, which are found in connection with the uppermost coal 
beds, seem to belong to the early Tertiary period. We have then here the 
uppermost members of the Cretaceous series, laid down in the period of the 
oceanic sway, and quite freely charged with the fossil relics of marine life; 
then an uninterrupted passage of conformable beds, through the brackish 
period. up, till the whole Green River Basin became a single sheet of fresh 
water. The area and boundaries of this great Tertiary lake, which, by the 
gradual depression of the Mississippi Valley, was drained of oceanic waters, 
is fully discussed in the geological volumes of this Report. It is only the 
purpose of the present chapter to indicate the general relations of the coal- 
bearing series to the rocks which immediately preceded, and those which 
have been laid down subsequently. 

The chain of Uintah Mountains which, in latitude 41°, starts from the 
crest of the Wahsatch Mountains and projects eastward for certainly 150 miles, 
making a right-angle with the Wahsatch system, belongs, like all the greater 
ranges, to the Jurassic upheaval. Its great height lifted a broad, central 
zone above the level of the Cretaceous ocean. Upon both of its flanks, up to 
an altitude of 7,000 feet, repose unconformably the buff sandstones and the 
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mud rocks of the coal series. In the basin of the Uintah, which les south 
of this range, the parties of this Survey penetrated but a short distance, yet 
their explorations were sufficient to develop the fact that the coal strata 
were present over a very large area, extending indefinitely southward and 
east. The thickness of the Cretaceous formation is as great as that north of 
the range. Since, however, no roads penetrated this region, it must be a 
very long time before settlements shall be founded there, and consequently 
the coal strata were not studied in great detail. 

Subsequent to the laying down of the whole Cretaceous system, and of 
those conformable fresh-water beds which close the coal-bearing period, 
another era of mountain uplifts occurred, folding the coal. series into broad, 
undulating ridges, having a general trend of northeast. From evidence here- 
after to be assembled it is clearly shown that the coal series were still sub- 
merged beneath the fresh-water lake when the mountain uplift took place, 
and that upon the flanks and summits of this series of northeast Cretaceous- 
Tertiary mountain chains was deposited an unconformable sediment, which 
gradually filled all the anticlinals, and at last buried the whole folded system 
beneath an immense accumulation of horizontal sand and clay beds. 

Jn connection with the period of volcanic outbursts which were subse- 
quent to the laying down of these latest horizontal strata, a third orographi- 
cal throe took place, which lifted the fresh-water horizontal beds, tilting 
them to an angle of 15° to 20°, and throwing them into broad and gentle 
undulations wherever they lay in the neighborhood of the older ranges, such 
as the Wahsatch and Uintah. Shortly after the volcanic period, the Green 
River Basin became drained, and a net-work of river systems defined itself 
down to the center, focusing in the Green River, which longitudinally drains 
the whole elliptical basin. Erosion thereafter carved away a vast amount of 
the uppermost Tertiary series, laying bare the undulating folds of the coal 
rocks. 

When the topographical maps of this Survey are completed, the minute 
details of the Cretaceous folds and of the fragmentary mass of the overlying 
Tertiaries, which erosion has left upon their flanks and summits, will be 
carefully laid down. For the present purpose, however, it is only necessary 
to indicate the main outlines and geographical distribution of three rock sys- 
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tems: first, those old Cordillera beds which have been folded up into the 
prominent ranges of the Wahsatch and the Uintah; secondly, the coal-bearing 
group of Cretaceous and Tertiary rocks, which lie in broad, gentle folds; and 
thirdly, that series of Green River Tertiaries, as we propose to call them, 
which, over the greater part of the basin, are still in an undisturbed position, 
but which, in the neighborhood of the Wahsatch and Uintah, are slightly 
tilted and thrown into a state of gentle curvature. 

Two points in the geology of this region are of the utmost importance: 
First, the identity of those conglomerate and arenaceous beds, which, along 
the eastern flank of the Wahsatch, overlie the Cretaceous folds with those 
horizontal deposits with which the whole plain of the Green River Basin is 
at present covered; secondly, the entire nonconformity between this series 
and the underlying, folded, coal-bearing series. Whatever may be the rela- 
tions of these beds in other places, it is absolutely certain that within the 
region lying between the Green River and the Wahsatch, and bounded on 
the south by the Uintah Range, there is no single instance of conformity 
between the coal beds and the horizontal fresh-water strata above them. 
The disturbances of the latter series are confined to within 15 miles of the 
Wahsatch itself, and where they and the coal series are uplifted together the 
discrepancy of the angle has a minimum of 11° and a maximum of 45°. 
Actual tracing of the continuity of strata has proven that the uppermost beds 
of this region stretch uninterruptedly from the Wahsatch to the east side of 
the Green River; as they lie further and further from the Wahsatch and 
Uintah, which are in reality the sources of supply of their material, they 
become finer and finer, the deposits of gravel and conglomerate die out, and 
the series is composed of an uninterrupted group of sand, marl, clay, and silt 
beds. The fresh-water origin of these strata is clearly seen from the fossil 
life they inclose. Mollusks, testudinata, and mammalian remains indicate 
clearly that they belong to the great fresh-water Miocene series, of which the 
White River is the type. It is only, therefore, where these superimposed 
Miocene beds have been eroded that the coal series is discovered. It first 
makes its appearance in Kast Cafion Creek, a tributary of the Weber, which 
flows from south to north, joming the stream in Morgan Valley. Here, rising 
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against the Wahsatch with a strike which shows it to have been affected by 
the Uintah mass, lies a series of from 8,000 to 9,000 feet of argillo-arenaceous 
strata, containing large quantities of marine fossils which will be hereafter 
noticed. This group is bounded on the west by the Wahsatch, and on the north- 
east and south by the fresh-water Tertiaries which overlie it unconformably. 
The Weber River itself makes the next important exposure of the rocks. 
Where it leaves the mountains and turns northward, flowing through Kansas 
prairie, it cuts through the coal series, exposing about 6,000 feet of similar buff — 
sandstone beds, having a strike nearly due east and west, with a dip of 35° to 
45° to the north. Continuing down the Weber River a flow of the trachytic lava 
has buried the series upon the left bank, and the overlying Tertiaries mask it 
upon the right. But the stream bed itself, wherever the underlying rock is 
not covered by accumulations of more modern detritus, lays bare the charac- 
teristic cream-colored sandstone. In this exposure are two or three import- 
ant beds of coal associated with black, pasty, clay zones of carbonaceous sand 
material, fine seams of argillaceous mud, and quite a development of marine 
fossil plants. Continuing still further down the Weber, important masses 
flank the valley on either side, rising to 800 feet on the west, where they pass 
under the immense mountain mass of horizontal Tertiary conglomerate. To 
the east they are laid bare for ten or twelve miles by lateral cafions which 
have been eroded across their upheaved beds, opening an excellent point of 
observation both of the nature of the materials and their stratigraphical 
arrangement. At this point (Coalville) and about 2,000 feet below the sum- 
mit of the series, occur several beds of coal, associated with the same sands 
and clays, and accompanied by important deposits of marine mollusks. From 
Coalville to Echo they flank the road on either side, but on nearing the 
mouth of the Echo Cafion they pass under the red Tertiary conglomerates, 
which stretch northward in an unbroken continuance for many miles. Near the 
head of the Echo Cafion itself the coal series again outcrops, and here is a 
most interesting instance of the nonconformity of the series, the cream-col- 
ored coal rocks plainly underlying the red conglomerates, with a difference of 
dip amounting to 25°. Passing to the east these beds are found to outcrop 
again inthe region of the town of Wahsatch, and at the Bear River, whose 
west bank is chiefly formed of the upturned coal series, for eighteen miles 
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below the railroad crossing. Medicine Butte, a prominent mountain rising 
about the level of the Tertiary plains, is an anticlinal mass of the coal fold. 
After a careful laying down of all known outcrops, with their dips and 
strikes, it has been found that the system within the limits of this survey 
consists of three broad folds, having their rise at the base of the Wahsatch, 
and continuing quite parallel to an indefinite distance, with a course of north 
26° east. Of these three folds the central is the most important. Its 
average breadth is about twelve miles upon each side. The broad, general 
anticlinal is fluted in minor waves. Near the west are seen the relics of 
another fold, the synclinal between these two being occupied for a considera- 
ble distance by the cafon of the Weber. The curious outcrop known as the 


Needle Rocks, just below Echo City, belongs evidently to the easterly slope 


of this fold, and the rocks seen up Lost Creek indicate its further continuance — 
jn that direction. So far all the coal mines of any importance belong either 
to the central fold or to the minor corrugations of its sides. Coalville, the 
Winship beds, Bear River, and Evanston are all a part of this central fold 
system. Its further continuance is indicated in the central mass of Medicine 
Butte. Erosion has not only removed a large part of the superimposed Ter- 
tiary series, but it has carved away very much of the fold itself, laying bare 
strata which belong to its greatest depths and exposing freely the coal which 
belongs certainly 2,000 or 3,000 feet from its summit. From Bear River 
City to Green River there are no important outcroppings of the formation. 
Those sandstones which crown the ‘‘Quaking Asp” divide may possibly belong 
to it, but if so their relations with the later Tertiary have decidedly changed, 
passing from different planes to entire conformity. On the east side of the 
Green River the coal series reappears, and occurs with more or less con- 
tinuity quite through Wyoming Territory and Colorado. The division east 
of the Green River has been worked up by Dr. Hayden, and also is well 
treated in the report for the benefit of San Francisco capitalists, dee Messrs. 
Ashburner and Janin, mining engineers. 

Our knowledge of the formation is now so well advanced that it can be 
said with perfect safety that the series contains a practically inexhaustible 
supply of coal. Beds from 7 to 25 feet in thickness are discovered at inter- 


vals over 500 miles, and from their ordinarily gentle dips may be mined with 
) 038 
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unusual ease. The mode of ownership of these claims is in an unsatisfactory 
condition. No surveys have yet clearly defined what part of the public domain 
belongs to the Pacific Railroad Company, and which are the alternate sections, 
so that the holders of coal land have only a possessory title, liable hereafter 
to be displaced whenever a survey shall demonstrate the ownership of the 
Railroad Company. That corporation makes it a point to lay claim to every 
available mine within the extreme limits of the national land grant. <A few 
of these claims were discovered before the railroad land was withdrawn from 
market. Such are those claims in the region of Coalville, which were all 
taken up under the pre-emption act by Mormon settlers prior to the approach 
of the railroad. ‘The land policy, however, of the Mormon Church having 
been arbitrary and peculiar, it is difficult to say where the final ownership of 
these lands is vested. ‘The paradox of a community claiming land under a 
government against whose laws they rebel, casts a shadow over all their titles. 
In case their ownership is denied by the government, the lands become again 
open to pre-emption, but subject to the conditions of the railroad grant, and 
it is more than probable that a large number of the important claims would 
fall into the possession of the already overloaded monopoly. Between the 
Mormons and the railroad company only a few plucky prospectors have been 
bold enough to open and hold mines, and they have been careful as quickly 
as a good exposure of coal was assured to sell out and realize as rapidly as 
possible. Until a survey is made defining clearly the possessions of the 
Pacific Railroad Company, or else an act is passed by Congress declaring the 
whole belt open to pre-emption, no thorough development can be applied to 
the coal system. The labors of this Survey, however, define very clearly the 
geographical distribution of all the uncovered portions of the coal series, 
wherever they occur within its limits. 

Upon the geological map of the region east of the Wahsatch, in the 
Atlas accompanying Volume I, the three prominent formations, with their con- 
stantly changing relations to the coal series, will be found fully laid down. 

The following interesting communication by Professor I". B. Meek 
expresses in decided terms the data upon which the lower coals are referred 
to the Cretaceous and those which prove their gradual transition into the fresh- 
water Tertiary horizon: 
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LISTS OF FOSSILS FROM UTAH, WITH SOME NOTES. 


Bee Bo Be MB KS, 


Specimens from Chalk Creek, two miles above Upton. 


No. 1. OSTREA, (undetermined species.) 

INO) 2h INO OHRAMUS Ahk estes os A gibbous equivalve species, higher than 
long, with anterior side very short and 
vertically truncated ; and hinge line short 
and ranging at right angles to vertical 
axis of valves. 

NOt or ENOOMBAMUN G2 .cocccuces-sece ees A more oblique species. Same found by Cap- 
tain Simpson on Sulphur Creek. 

No. 4. CARDIUM CURTUM, M. & H....... The original type was found by Captain 
Reynolds’s expedition on Gros Ventres 
River. It was also found by Captain Simp- 
son’s expedition on Bear River, Utah. 

Now Dz MACTRAS(SPISUDAT) (cu s.-456 c= - A beautiful species, apparently of this genus, 
with regular concentric striz and furrows. 

No. 6. MAcTRA, (SPISULA?).....-.------ Appears smooth, but may be the last with 
markings gone. 

From Chalk Creek.—B, above coal. 

No. 7. CARDIUM CURTUM, M. & H....... (Same as No. 4.) 

No. 8. Macrra, (SPISULA)..........---- Like No. 5, but more finely striated and com- 
pressed. 

No. 9. One or two species of more orbicular, compressed bivalves. 

No. 10. ANCHURA? 

INO: 1G, TENA RAR peter tessa a occ. s) viele) 5 Perhaps two species. 

No. 12. TELLINA? 

Coalville. 

Noy IS OSER MATS Se aes, Stor te socitees one Appears same as No. 1, and like O. appressa, 
Gabb. 

No d45 -CORBUL NG. y os. veoh) e autebe Stel crates 2 The cast has the form of C. pyriformis, Meek. 
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No. 22. 


No. 24. 
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From Water Tank, two miles east of Coalville. 


. CARDIUM 2-2. ceca eee -.-Like C. curtum, and may be the same. 
p WONCHUYN 525550 50casasssee50r5 Same as No. 6. 
f JANCIS ORNS Sis Sas sinasas cae oases Same as No. 10. 


From Echo Canon. 


. ENOCERAMUS =. 222 25eee ee ee eee Like No. 2, but may be different. 
. CARDIUM CURTUM? 


From Hast Caron. 


RUUN HN ARES Sato Seen o Sas A cast, with much the form of No. 6. 


a? MEN CHORIATE Sher: Bak ctaegeie eee Seem Same as No. 5. 
MACTRA ~ sso canner at er er Apparently the same as Nos. 6 and 16. 
. SCROBICULARIA ? , 
TELLINA ? 
. ABRA? 
» CARRIONTE: HONE ee RO ee Appears to be a young C. curtum. 
. CUCULLAA. 


From Grass Creek, above coal. 


. "OSPR R ater ee 2m kee mann Oe A very narrow, straight, elongated species. 
. CARDIUM CURTUM, M. & H?...... See Nos. 4, 15, and 17. 

« MACTIRAN Bo ae Sse ee Bee Same as 16 and 21. 

. SCROBICUMARIA 2 22,- 22). oer Very similar to 23. 


Tie Siding. 


. OSPRRAS Tots oee eee ea eee Same as No. 28, apparently. 

. OSTRBA 2. eo cio eee Subcircular. 

. ‘CORBULA Ss Ji seen: pe eeeeee .---Has the form of C. pyriformis. 

> AEA CTR AN te ee eee A regularly striated species, like No. 5, but 
shorter. 


CiarENcE Kine, Esa. : 
Dear Sir: I have examined, with as much care as time has permitted, the 


fossils collected by you and your assistants from the whitish coal-bearing sand- 


stone at the several localities in Utah, mentioned above, and respectfully sub- 


mit the following note on the same: 


In the first place it is proper to remark that they are nearly all merely 
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casts of bivalve shells, in sandstone, and consequently not in a good condition 
for satisfactory determination. Indeed, in many cases, they cannot be referred 
with confidence even to the proper genera, as none of the specimens show | 
the hinge or internal characters. So far as I have yet been able to deter- 
mine, they seem to be mainly undescribed species. Taken collectively, as a 
group, they present much the general facies of the fauna of the upper mem- 
bers of the series in California referred by Professor Whitney and Mr. Gabb 
to the Cretaceous epoch. Yet, after a careful comparison with the figures 
and descriptions given in the California reports, Tam not quite suré that any 
of them are really identical with those of the Pacific slope. Nor am I entirely 
satisfied that any of them are identical with any of the forms hitherto brought 
from the Upper Missouri country, though some of them may possibly be found 
to be the same as some of the neglected and undeterminable casts we have 
had from the upper branches of the Missouri! 

With the exception of the genus Inoceramus, which is certainly repre- 
sented by two or three species, and perhaps Anchura, all of these fossils, so 
far as their characters can be made out, appear to be just such forms as 
might be referred with about as much propriety to the Tertiary as to the 
Cretaceous. In fact, it is probable, from the general absence of character- 
istic Cretaceous types among them, (with the exceptions mentioned) that, 
if submitted to almost any paleontologist, not aware of the fact that the 
specimens of Inoceramus and Anchura? occurred in the same beds, the whole 
would be unhesitatingly referred to the Tertiary. The presence of two or 
three species of Jnoceramus, however, and one of Anchura?, both of which, I 
believe, are generally regarded as having become extinct at the close of the 
Cretaceous epoch, taken in connection with the fact that these fossils are all 
marine types, while we have, up to this time, no evidence of the existence of 
any strictly marine Tertiary deposits in this central region of the continent, 
would certainly favor the conclusion that these beds belong to the Cretaceous. 

From all the facts now known, I can therefore scarcely doubt that you 
are right im referring these beds to the Cretaceous. Indeed I had arrived at 
the same conclusion in regard to this formation, in 1860, from examining 


1 As elsewhere stated, one oyster brought from this formation by Colonel Simpson 
seems to be the same as an Upper Missouri species. 
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some of the same fossils (Cardium, Inoceramus, and Ostrea), brought from 
outcrops of this rock on Weber River, in Utah, by the expedition under the 
command of Captain (now Colonel) J. H. Simpson. In 1861, I also de- 
scribed, in connection with Dr. Hayden, the same Cardium, and an oyster, 
found on Gros Ventres River, associated with one of the same species of 
Inoceramus, by Captain Reynolds, referrmg them provisionally to the Creta- 
ceous.” 

The entire absence, so far as yet known, among the molluscan remains 
of this formation, of any species of Ammonites, Scaphites, Toxoceras, Hamites, 
Ptychoceras, Turrilites, Heteroceras, or any of the various other types, (ex- 
cepting Inoceramus, and perhaps Anchura) generally considered either char- 
acteristic of the Cretaceous, or, in part, of that and older secondary rocks, 
and unknown in the Tertiary, would seem to indicate, with the presence of 
the latter types, that these beds belong to one of the very latest members of 
the Cretaceous; or, in other words, that they were probably deposited when 
the physical conditions favorable to the existence of those forms of molluscan 
life, peculiarly characteristic of the Cretaceous period, were drawing to a 


close, or had in part ceased to exist. 


Collections from the Bear River Estuary Beds. 


No 1. Ostrea. 

No. 2. CorspuLa Pyrirormis, Meek. 
No. 3. Unto pevirericatus, Meek. 
No. 4. Trara HuMEROSA, Meek. 


The above-mentioned fossils, and various others brought from this same 
estuary, or brackish-water formation of Utah, by Colonel Simpson’s party, in 
1860, are all, with perhaps one, or possibly two, exceptions, to be mentioned 
further on, distinct, not only specifically, but even generically, from those yet 
known from the whitish or yellowish, coal-bearing, marine sandstones, hold- 
ing a lower position in the same region. Indeed, the whole group of mol- 
luscan remains now known from these estuary beds shows clearly that marked 


‘See a paper by Mr. Henry Engelmann and the writer, in Proceed. Acad. Nat. 
Sci., Philad., Ap., 1860, p. 126. 
*Ib., December, 1861, p. 440 and 442. 
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physical changes had taken place here, or were taking place, at the time they 
were deposited, since these shells are all such forms as we could only ex- 
pect to find mingled together in an estuary deposit; while those from the 
whitish sandstones beneath as clearly point to a marine origin. This strongly 
marked change in the fossils, observed in passing from the lower to the upper 
of these formations, and the close similarity of those from the latter to for- 
eign lower Tertiary species and living forms, and the entire absence, so far 
as known, of any characteristic Cretaceous types in these upper beds, are the 
grounds on which Mr. Henry Engelmann and the writer referred them to the 
Tertiary, in 1860. 

One species, in the collections from the older marine sandstone under 
investigation, agrees so closely with Corbula pyriformis, from the estuary beds 
of Bear River, that I am strongly inclined to believe it belongs to the same 
species. ‘The specimens in the sandstone are all merely casts, but they cer- 
tainly agree in size and form with those from the brackish-water beds. The 
oyster, No. 1 of the above list, also seems to be the same as No 1 of the list 
of Chalk Creek species, two miles above Coalville, and No. 13, from Coal- 
ville; though I am not sure that the specimens from Bear River of this oys- 
ter were found directly associated with the estuary fossils, especially as the 
marine sandstones also occur there. 

On comparing these collections with the fossils described in the Califor- 
nia Reports, I observe that a shell, figured by Mr. Gabb, under the name 
Corbula hornit, from the very latest beds, referred by Professor Whitney to 
the Upper Cretaceous in California, is very similar to the Utah species, Cor- 
bula pyriformis. Indeed, I find nothing either in the figure, or in the de- 
scription, of the California shell to distinguish it from the Utah species, or 
rather from a variety of the latter, with more regular and stronger marked 
lines and furrows, to which I had applied the name C. concentrica, but which 
I have since found to be only a variety of C. pyriformis. The oyster men- 
tioned above as being apparently common to the estuary and marine beds 
seems to be also closely allied to O. Idriamsis, described by Mr. Gabb, from 
the highest of the California rocks referred to the Cretaceous. Oysters, how- 
ever, often so nearly resemble each other, from rocks of different ages, that 
not much stress can be laid upon this apparent identity. 
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The above-mentioned facts, and the general conformability of these es- 
tuary beds to the marine sandstones of that region, referred to the Creta- 
ceous, and their apparent unconformability to later deposits in the same coun- 
try referred to the Tertiary, may suggest the inquiry whether we ought not 
to carry up the line between the Cretaceous and Tertiary here, so as to in- 
clude these estuary beds also in the Cretaceous. This view would certainly 
seem to receive some support, from the fact that there is a formation on the 
Upper Missouri, near the mouth of Judith River, the exact age of which has 
long been regarded as somewhat doubtful, though Dr. Hayden and the writer 
have generally placed it in the Tertiary, that contains an exactly similar 
brackish-water group of fossils, some of which are identical with those found 
in these Bear River estuary beds; while some Saurian remains, discovered 
by Dr. Hayden at the Judith River localities, and at least supposed to be 
from the brackish-water beds, are regarded by Professor Leidy as being most 
nearly allied to Wealden forms. 

The strata of the Judith River locality are upheaved and confusedly 
mingled together, and I have always thought that the Saurian remains found 
there may belong properly to undoubted Cretaceous strata that exist there 
beneath the estuary beds, rather than to the latter. 

In studying Colonel Simpson’s collections from the Bear River region, in 
1860, I also identified an oyster from the marine coal-bearmg sandstones 
there, referred to the Cretaceous, and holding a position directly beneath 
the estuary beds, with O. glabra, M. & H. brought in, enveloped in an 
exactly similar matrix, from near the mouth of Judith River, and stated that 
the last-mentioned specimens, also, probably came from the Cretaceous. Mr. 
Pope likewise informed me that some Saurian remains, found by Dr. Hayden 
on the upper branches of Moreau River, in Dakota Territory, and supposed to 
be associated with some Corbiculas, and one or two other brackish-water 
shells, are Cretaceous types. 

Supposing the estuary deposits, at all of these widely-separated locali- 
ties, to belong to the very highest beds of the Cretaceous, (the fact that they 
certainly hold a position above beds clearly equivalent to the latest chalk, if 
not even to the Maestrich beds, would preclude the supposition that they 
could belong to the horizon of the Wealden) we might readily understand 
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why they would contain none of the mollusks, usually regarded as char- 
acteristic of the Cretaceous, since the latter are, almost without exception, 
marine forms, while these beds were evidently deposited in brackish waters. 
Still, this would not account for the fact that among a considerable number 
of specimens, found ranging through some hundreds of feet of the marine 
sandstones, immediately below the brackish-water beds of Utah, strictly 
Cretaceous, or older types, are only known to be represented by the genus 
Inoceramus and possibly Anchura. Again, most of the mollusks yet known, 
from these brackish-water beds, at the several widely separated (and some 
intermediate) localities, seem to be nearly all either very closely allied to 
species found at the base of the Hocene, or lower lignite beds of France, or 
to existing East Indian or Chinese species.’ Several of the species of Vivi- 
para, found in the Judith River estuary beds, are exceedingly like existing 
East Indian and Chinese species, while some of these, and one’ or two of 
Melantho, as well as other associated forms, can scarcely be distinguished 
from species found in the higher fresh-water deposits of Dakota, acknowl- 
edged by all to be Tertiary, not only from position and from the affinities of 
their animal remains, but from the affinities of the numerous plants found in 
the same. 

The probability is, that toward the close of the Cretaceous epoch, this 
region was gradually rising, and that portions of the Rocky Mountains, and 
other elevations farther west, existed as islands surrounded by the sea, and 
that as the gradual elevation of the continent continued, considerable areas 
that had been entirely occupied by the sea were more or less isolated, so as 
to become at first brackish and then fresh-water lakes. Whether or not this 
change from marine to estuary conditions was exactly contemporaneous with 
the close of the Cretaceous and the commencement of the Tertiary of 
Europe, we may perhaps never know, but that it corresponded in the 


1Tt is a very interesting fact that we have from these brackish-water beds in Utah 
several of those subtrigonal corbiculas, very similar to C. forbesit, C cuneiformis, C. anti- 
qua, and other forms scarcely distinguishable from species from the lower lignites of the 
Paris basin; and a Tiara equally as nearly allied to a form figured by Matheron from 
the same horizon at the mouth of the Rhone. The most remarkable fact in this con- 
nection is, that the genus Tiara, although represented by species now living in the 
East Indies, has no representatives among the existing fauna of America. 
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sequence of geological changes here with the change of physical conditions 
that closed the Cretaceous epoch and ushered in the Tertiary of Europe, 
especially in France, seems to me scarcely to admit of any well-grounded 
doubts. While I am, therefore, willing to admit that facts may yet be dis- 
covered that will warrant the conclusion that some of these estuary beds, so 
widely distributed here, should be included rather in the Cretaceous than in ~ 
the Tertiary, it seems to me that such evidence must either come from 
included vertebrate remains, or from further discoveries respecting the strati- 
graphical position of these beds with relation to other established horizons, 
since all the molluscan remains yet known from them (my own opinions are 
entirely based on the latter) seem to point to a later origin. 


Very respectfully, yours, 
FE. B. MEEK. 


Having thus generally sketched the geological relations of the coal 
series where within the limits of this exploration they have been developed, 
it only remains to add some notes on the coal-mining district and upon the 
chemical and calorific nature of the coal itself. . 

Although coal has been known in this region since the early explora- 
tions of the Engineer Corps, it is only within six or eight years that mining 
has actually been prosecuted, and had it not been for the sudden demand 
for railroad fuel, the coal would have lain unutilized for an indefinite period. 
Under the stimulus of the railroad completion a number of important mines 
have been opened. 

The coal series occupies a very wide geographical extent, reaching from 
New Mexico certainly as far north as Dakota, and in all probability stretching 
northward into British America. Its western boundary is the Wahsatch 
Range, from whose meridian it continues eastward as far as Central Colorado. 

To the Green River Basin only have the observations of this Explora- 
tion been confined. So far no beds have been worked within this area 
except in the neighborhood of the Union Pacific railroad. 

The valleys of the Weber, Bear, and Bitter Creek have been eroded 
through the overlying Tertiaries and opened up the coal series, and it is in 
their cations that the main mining localities are found. 


iat 
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Tur Coatvitte Disrrict—The Mormon settlement of Coalville is 
situated about five miles southeast from Echo City. From the mouth of 
Echo Canon the road follows up the east bank of the Weber River, which, 
for the first mile and a half, occupies a broad, level bottom, eroded through 
the strata of Tertiary sandstones and conglomerates. The high red and brown 
bluffs which flank the river on either side, are very conspicuous features of 
the landscape. Continuing southward, the valley widens to the average 
breadth of a mile, and the upturned rocks of the coal series are seen rising 
on either side of the river, underlying with a nonconformity of 11° the red 
hills of the Tertiary. From this point for 16 miles the coal rocks are exposed 
on either side of the Weber River, rising into the hills to a varying alti- 
tude, rarely exceeding a thousand feet, where they lose themselves again 
beneath the Tertiaries, which continue upward two or three thousand feet 
higher. In other words, the river has carved a caiion, first, through the level 
Tertiary beds, and last, for a thousand to fifteen hundred feet into the soft, 
upturned strata of the coal series. By referring to the map, Atlas-Plate I, 
the Pacific railroad will be seen following Echo Cajon in a direction about 
northeast. ‘Two miles to the south of that, a cafion is seen to cut the Terti- 
ary strata parallel with Echo, joining the Weber River half-way between 
Echo City and Coalville. At the town of Coalville a third southwest stream 
joins the Weber. All three of. these parallel systems have eroded the Ter- 
tiary and entered the coal series. Chalk Creek, as it is called, which enters 
the river directly at Coalville, has exposed the coal series for 18 miles, and 
in the tributaries which have worn ravines upon its northern bank are located 
the groups of mines embraced in what is known as the Coalville District. 
Directly south of the town, and in the right-angle formed by Chalk Creek 
and the Weber River, is situated Sprague’s mine. The vein of coal out- 
cropped indistinctly upon the level flat and has been followed by a couple of 
tunnels southward under a little rise of ground. In close conformity with 
the rocks of the region the strike is north 28° east, magnetic. The strata 
have a westerly dip of about 14°. The vein itself has an average width of 
11 to 14 feet, resting directly upon the cream-colored sandstone and roofed 
by thin strata of the same material, which, passing upward, alternate with 
bands of shale and sand. A slight bending has taken place near the outcrop 
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of the vein, but after passing downward for a hundred feet the planes con- 
tinue on with the utmost regularity. The coal itself is of a black, brilliant 
surface, with the same tendency to rectangular cleavage which is character- 
istic of all the western lignites. On the whole, there is an increasing tend- 
ency to solid masses as the bed descends. 

In all the minor fractures of the coal may be seen thin flakes of a yel- 
lowish-white mineral which proves to be chiefly sulphate of lime. This 
mine, as it descends, will eventually pass under the Weber River, and it is — 
to be feared that fissures in the overlying rocks will admit sufficient water 
to render mining difficult. The mine is already overburdened with water 
even at the shallow depth of fifty feet, which marks their lowest works. 

Following the strike of this bed in a northeasterly direction after cross-_ 
ing the Chalk Creek, the Allen claim is found at a distance of about half a 
mile in the ravine northeast of Coalville. The land having risen from the 
bed of Chalk Creek to a height of perhaps 75 or 80 feet, the vein, which 
outcrops upon the surface in the form of an earthy-brown mass, is attacked 
by a tunnel driven northward 450 feet upon the strike. At the end of this 
tunnel several branch explorations have been run for short distances to the 
right and left, developing the vein with about the same conditions of width 
and solidity as in the Sprague’s claim. At the extremity of the east drift 
the bed is cut off by the vertical fault which is also seen upon the surface of 
the ground, and, if the exterior indications are good for anything, the bed 
may be found again by a short winze sunk to the southeast. There is no 
noticeable difference between the coal of these two mines. Their amount 
of fixed carbon, volatile matter, and ash are almost identical. No attempt 
has been made to explore in depth, the owners being content to take out a 
few tons at a time in a very rude, uneconomic manner. 

Two miles above Coalville, in a ravine which also enters Chalk Creek 
Valley from the north, is a group of four claims. The first of these is the 
Wahsatch Company’s ground, lying upon the northwest side of the ravine, 
which here has a northeast direction. The strike of the rocks and the 
included bed of coal is north 45° east, magnetic, with a dip of 8° to the 
northwest. One hundred yards above, on the right-hand side of the ravine, 
is the Robertson claim, which, at the time of the writer's visit, was closed, 
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and a short distance still further up the ravine are two mines which occupy 
opposite sides of the creek. That on the left is the Chrisman; that on the 
right is the Johnson. The two right-hand claims, belonging to Robertson 
and Johnson, have but a small area of coal. The ravine marking their 
northwest limits, and a sharp eroded bluff 500 or 600 feet to the southeast, 
limit them in that direction. ‘The Chrisman claim occupies an entire section 
and is of very great value, since its downward continuance is of indefinite 
extent. The lower opening of their claim is a tunnel going in upon the 
strike of the vein about 150 yards, communicating with an air-shaft and 
securing ventilation from above. 

The vein, as developed by this tunnel, has an average width of 13 feet, 
and the coal appears to be of a denser, more coherent variety than the mines 
nearer Coalville. ‘The same company has attacked the vein about a hundred 
yards up the ravine by sinking an incline on the dip of the bed about 300 
feet. The vein, as exposed here, does not differ in any important respect 
from the other openings. From the position and character of the bed and 
its relation to the strike, it seems absolutely certain that this vein is the same 
one which is found in the Allen and Sprague’s. It shows a remarkable con- 
formity im dip and strike, an almost unvarying thickness, and a great persist- 
ence in all the characteristics of the coal. 

The method and scale of opening of this little group of mines is hardly 
worthy the name of engineering; it is more properly a rough system of 
prospecting by which simply the existence and mode of occurrence of the 
beds has been demonstrated. It is utterly inadequate to all large yield and 
radically faulty in method. That the deposit is comparatively uniform, widely 
extended, and of very great value, there is no doubt, and careful modes of 
engineering will make this locality one of the most important and productive 
near the line of the Pacific railroad. ‘The Mormon people have already con- 
nected Coalville with Echo City by railroad, and might, in a very short time, 
compete favorably with any other district in supplying the railroad system 
west of this point. 

In Grass Creek Cafion, the next valley north of Chalk Creek, there are 
some half-developed coal claims, prominent among which is the ‘Church 


mine ;” not enough work, however, is yet done to demonstrate their value. 
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Near Upton, a small settlement about eight miles up the Chalk, are 
further discoveries of coal, but, like those of Grass Creek, they are as yet. 
only prospecting enterprises. 

The same may be said of those promising beds developed along the 
Weber from Wanship to Kansas. 

Passing east from Bear River City the coal series is not seen again until 
upon the east side of Green River, where for a hundred miles it reappears 
along the cafion-like valley of the Bitter Creek. Here the first mine is 
opened at Rock Springs, 124 miles east of Evanston. Following the road 
eastward are the following localities: Van Dyk mine, Point of Rocks, Hall 
mine, Separation, and Carbon. Of these we have only notes upon the Hall 
and Van Dyk, which are quoted, by permission, from the report of Messrs. 
Ashburner and Janin, mining engineers, San Francisco. 

“Tae Hatt Minz.—This property is situated immediately upon the 
line of the Union Pacific railroad, four miles west of the Black Buttes sta- 
tion, in Wyoming Territory. The claim, which was located by Mr. M.S. 
Hall, extends for two miles east and west, or along the line of the railroad, 
and back for a distance of six miles, toward the south, in the direction of 
the Black Buttes Mountains. How much or what proportion of this large 
tract is underlaid by the coal, it is impossible to state until more extensive 
explorations are made, or until the limits of the field are determined by bor- 
ing. There is, however, no doubt that a very considerable area is covered 
by the two principal seams, and quite sufficient for the establishment of 
permanent works of exploitation. 'This mine was discovered in June, 1868, 
and work was commenced upon it in September of the same year. There 
are four seams of coal known to exist upon the claim. ‘The upper one, 4 
feet 8 inches in thickness, is near the surface, and has never been developed, 
as the coal would be likely to prove of inferior quality. The second seam is 
5% feet in thickness, and has been worked to considerable extent, furnishing 
all the coal that has been sent to market from this mine. The third seam, 
12 feet below the second and separated from it by a stratum of shale, is 9 
feet 8 inches in thickness, and promises to furnish a coal fully equal in qual- 
ity to that taken from the one above. No work has been done upon it, fur- 
ther than to prove its existence. 'The lower seam is not developed, but sup- 
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posed to be about 3 feet in thickness. Samples were taken from the second 
and third seams, and the results, which coincide closely, are annexed here- 
with. The dip of the strata is toward the southeast, at an angle of 10° to 
15°, which further work will determine accurately. So far the mine has 
been worked level free, and the main opening is 1,800 feet from the track 
of the Union Pacific railroad. ‘The principal drift is 1,000 feet long, 64 feet 
high, by 8 feet wide, and has been run in upon a very regular seam, the coal 
being of nearly uniform quality and appearance from top to bottom. The 
pillars left to support the roof are 10 feet square, and each room, of which 
there are now 28, is 160 feet long. When the mine was first examined, in 
August, no work had been done in it for three months, and every pillar was 
firm and solid, showing that the coal does not shake in the mine. Both the 
roof and the floor are of hard shale, very firm and unyielding, from which the 
coal cleaves without difficulty or waste. In mining there is remarkably little 
refuse, and so far everything taken from the mine has been regarded and 
accepted as merchantable coal. From the railroad to the mine the track is 
laid with heavy T-rail, which extends about 150 feet into the main drift; the 
remainder is laid with the same rail, weighing 25 pounds to the yard. The 
side track to the rooms in the mine have oak sleepers and pine ties, with 
flat rail. 

QuALITY AND YIELD PER ACRE OF THIS CoAL.—The coal from both the 
second and third seams presents the same general appearance, though that 
from the third seam is reputed the best; but work enough has not been 
done to prove this statement. The analysis shows it to be very similar in 
quality even now, and more extensive mining may tend to produce a better 
coal than the number two seam ‘furnishes. The specific gravity of each is 
1.45; they are both of a lustrous, black color, and brilliant, conchoidal frac- 
ture; they do not soil the fingers, nor crumble into dust; they stand trans- 
portation remarkably well, and bear handling better than almost any coal we 
examined; they have a white, infusible ash, and no smell of sulphur was 
evolved during the analysis; they make about 52 per cent. of a dark-gray, 
friable coke. Mr. W. A. Wagner, who has been coal inspector for the Union 
Pacific Company, regards this coal as having but one superior (the Van Dyk), 
so far as his knowledge extends, along the line of the road, and his opinion is 
fully confirmed by the result of our own experiments. The engineers speak 
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highly of it, and their universal testimony was in its favor. The amount of 
clinker it makes is small, and the calorific effect for locomotives of one ton of 
coal was never stated as being less than equal to two cords of wood found in the 
Rocky Mountains, for railroad use. When we take into account the difference 
of bulk and ease of handling, the economical effect would be much greater. 

One cubic foot of this coal weighs about 90 pounds; consequently the 
upper seam would yield, after deducting one-fifth for slack, waste, &c., about 
8,000 tons, of 2,000 pounds, to the acre. The third seam will yield, on this 
same basis, 16,000 tons, or 24,000 tons in all, This deduction of one-fifth 
is liberal, and in excess of what may be reasonably anticipated; but, in ab- 
sence of any experience longer than that of a few months, a large allowance 
should be made in order to cover possible contingencies. . 

Tue Van Dyx Minr.—This mine is situated four miles east of Rock 
Springs, close by the railroad, some thirty miles west of the Hall mine. The 
seam dips into the hill at an angle of about 15°. ‘There are three veins in 
all upon this claim, only the lower one being worked, which is 3 feet 10 
inches to 4 feet in thickness. This seam had an excellent roof of shale and 
sandstone floor below, from which the coal cleaves freely. Above the vein 
is a thick covering of rock, extending to the top of the hill. The coal from 
this mine is considered, and is proved by analysis, to be the best hitherto 
found along the line of the railroad. It is of a lustrous, brilliant, black color, 
conchoidal fracture, and slacks less than any other coal that we examined; it 
will consequently bear transportation well. The calorific power of this coal 
is comparatively high, and its value for heating purposes would be repre- 
sented by the number 113, the average value of all these coals being taken as 
100. On this same basis Hall’s upper seam would be represented by 95, 
and the lower seam by 90. This mine is now producing 50 tons daily, which 
is used on the engines of the Union Pacific railroad, and which is preferred 
to all other coals on the line of the road. It can be opened in a short time 
so as to furnish 150 tons daily, or more if desired. The chutes of this mine 
are directly over the road, and the coal is loaded into the cars or tenders at 
a cost, by contract, of $1 62, currency, which amount is increased by inci- 
dentals to $1 75 per ton. The seam of coal now worked is very compact, 
uniform in width, and remarkably clean, and free from any intermixture of 
slate. 'The yield per acre of this seam will be 6,000 tons.” 
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CHAPTER VIII. 
COLORADO. 


GENERAL FEATURES—AGRICULTURE—MINERAL WEALTH—COAL AND IRON—PRE- 
CIOUS METALS—BULLION PRODUCT. 


Colorado possesses a mineral wealth of varied character. Chiefly pro- 
ductive, thus far, of gold and silver, it has, in association with these metals, 
some valuable sources of lead and copper. Its coal beds are unquestionably 
of great extent, and, although as yet but slightly developed, they bid fair to 
become the basis of a most important branch of mining industry. Its de- 
posits of iron ore are wide spread, and are said by intelligent observers to _ 
have great worth; while salt, gypsum, fireclay, and other mineral products of ° 
commercial value, occur and are already being utilized in several localities, 
forming noteworthy elements in the natural resources of the Territory. 

It will not be attempted, in this or following chapters of the present 
volume, to describe minutely either the mode of occurrence of all these va- 
rious mineral deposits or the manner or extent of their development. The 
writer's observation was confined almost exclusively to the examination of 
the principal gold-producing district of the Territory, situated in Gilpin 
County, and of the silver mining region of Clear Creek County, having in 
view the purpose of combining with the foregoing description of the gold and 
silver mining industry of Nevada, or of that part of Nevada which lies within 
the limits of the Survey, some account of the general condition of the same 
branches of industry in Colorado. Except in this special department of ex- 
amination, the field operations of the Survey have not, at the present time, 
been extended eastward beyond Fort Bridger, and the writer, therefore, pur- 
sued his investigations without the co-operation of any other member of the 
corps. For this reason the topographical and general geological features of 
the country received less attention than was given to them in the Nevada 
mining districts, described in the preceding chapters, arid cannot, therefore, 
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be noticed with much detail in this volume. Before proceeding, however, 
to speak particularly of the gold and silver mining industry of Gilpin and 
Clear Creek counties, a minute description of which is the main object of 
these pages, a very brief general notice of the Territory and its mineral re- 
sources will be given, in order that the reader may better understand the 
relation which those parts just referred to bear to the whole. 

GENERAL F'rnatures.—The Territory of Colorado is included between the 


37th and 41st parallels of north latitude and the 102d and 109th degrees of lon- _ 


gitude west from Greenwich. It is, therefore, nearly rectangular in form, hav- 
ing a length from east to west of about 376 miles, and a breadth from north to 
south of about 276 miles, containing a superficial area of 104,000 square miles. 
It is bounded on the north by the Territory of Wyoming and the State of Ne- 
braska, on the east by Nebraska and Kansas, on the south by the Territory of 
New Mexico, and on the west by that of Utah. It occupies the geographical 
center of that part of the domain of the United States which lies west of the 
Mississippi River; and its eastern boundary is 330 miles west of the meri- 
dian of Omaha, on the Missouri River. Denver, its capital city and princi- 
pal town, situated 85 miles south of the northern boundary line of the Ter- 
ritory, is near the latitude of 39° 44’, and is about 25 miles south of the 
latitude of Philadelphia. 

Its surface is advantageously and agreeably diversified by mountains 
and plains. The central portion of the Territory is traversed in a nearly 
north and south direction by the main range of the Rocky Mountains, 
whose crest line, at an altitude varying between 10,000 and 14,000 feet 
above the sea, divides the waters of the Atlantic from those of the Pacific. 
Eastward from the foot-hills of this main range, the surface of the country 
slopes off gently toward the Missouri River, forming a broad, rolling prairie, 
the average elevation of which, within the limits of the Territory, is between 
4,000 and 5,000 feet above the sea. This wide expanse of level or gently 
undulating surface includes about two-fifths of the whole Territory, or 40,000 
square miles, covering an area about as large as the State of Ohio. It em- 
braces the valleys of the South Platte and the Arkansas Rivers. Some of 
the more favored portions lying along the tributaries of these streams are 
already under cultivation, producing excellent crops; and it is believed that 
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under the operation of practicable systems of irrigation the greater part of 
this entire region may be rendered available for agriculture. 

The western half of the Territory is of more varied character. The 
face of the country, for the greater part, is very rugged and mountainous, but 
diversified by the great system of ‘‘parks,” stretching from south to north 
along the mountain range, and affording within the elevated portion of the 
Territory large areas of land that are admirably adapted to cattle grazing and, 
probably, to some branches of agriculture. 

The mountain sides are traversed by innumerable cafions, some of which 
are sharp and deeply cut ravines, while others expand, especially in the lower 
portions of the range, into broad, open valleys that abound in grass and tim- 
ber. The streams, descending from the snowy summits of the mountains, 
are numerous and beautiful. They unite on the eastern slope to form the 
South Platte, the Arkansas, and the Rio Grande, while on the western side 
of the ‘‘divide,” they find their way to the Colorado River and thus to the 
Pacific Ocean. 

The climate of the Territory is temperate and healthy, and is agreeably 
varied by the different altitudes of mountains and plains. The atmosphere 
is dry and pure. The summer climate of the mountains is cool and bracing. 
Rain falls in frequent showers. In the winter the temperature is generally 
very moderate, and although the higher points in the range accumulate large 
bodies of snow, the less elevated portions, or at an altitude of 8,000 or 9,000 
feet, are clear and pleasant, and the snow-fall is not sufficient to obstruct 
travel on the most frequented mountain roads. The climate of the plains is 
very even, without extreme heat in the summer or severe cold in winter. 
Snow seldom les upon the plains in any considerable depth or for long 
periods of time, and cattle may remain out during the entire winter without 
protection, finding abundant grazing for their support. 

The population of Colorado is very variously estimated, and is probably 
not far from 50,000. Immigration, however, is rapidly increasing as the 
facilities for access are constantly being multiplied. Until within a short 
period of time the region could only be reached by a long, tedious, and, often- 
times, hazardous journey across the plains; but since the completion of the 
Union Pacific railroad along its northern border it has been brought into 
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comparatively easy communication with the rest of the country, and the branch 
roads finished during the present year, 1870, now place Denver in uninter- 
rupted railroad communication with two great transcontinental lines. At 
Cheyenne, which is 516 miles from Omaha on the Union Pacific road, the 
Denver Pacific road branches off to the south, and was completed to the city 
of Denver early in the present summer; while the Denver extension of the 
Kansas Pacific road was finished to the same point a few weeks later. With 
these two avenues of communication opened, one traversing the Territory north | 
of Denver, skirting the mountain range, and affording cheap transportation for 
the mining as well as the agricultural districts, the other passing through the 
southeastern portion of the Territory, and bringing Denver into direct com- 
munication with St. Louis and the cities of the South, a great increase in the 
population of the Territory and an unprecedented advance in the development 
of its natural resources may be expected. 

Denver, the capital city of Colorado, is located at the junction of Cherry 
Creek with the South Platte River, and a few miles above the point where 
Clear Creek unites with the last-named stream. It is twelve miles east of the 
base of the mountains, and is situated on a level or gently sloping surface. 
Its elevation above the sea is about 5,000 feet. It is regularly laid out and is © 
well built, and some of its streets and public and private buildings make a fine 
appearance. Its population is usually estimated at 6,000 or 7,000. It has 
good hotels, several churches, excellent schools, and three or four news- 
papers, daily and weekly. There are also several banks and a Branch Mint 
of the United States. It is the commercial center of the Territory. It has 
abundant facilities for postal and telegraphic communication with the rest of 
the world. The railroads just completed bring it now within the great rail- 
way system of the United States; and daily lmes of coaches connect it with 
the outlying communities of the agricultural districts and the several mining 
towns in the mountains. 

Twelve miles west from Denver is Golden City, situated just at the 
base of the range where Clear Creek issues from its mountain valley. The 
main roads entering the mountains from the plains pass through this town. 
It is very advantageously located for commercial and industrial purposes. 
Placed at the very gateway through which the mining districts, at present 
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the most developed in the Territory, must be reached, and connected, as it 
soon will be, with the great railway lines of the West, it bids fair to rival 
Denver in the importance of its business relations with the mountain towns; 
while its abundant water power, its proximity to the coal mines, and their 
associated beds of iron ore and fire-clay, and its facilities for communication 
with the surrounding agricultural districts, combine to make it an important 
point for manufacturing and industrial pursuits. There are already extensive 
brick and pottery works established here, producing ordinary building brick 
and fire-brick of good quality, besides all kinds of common pottery for 
domestic purposes; three or four flour mills, one paper mill, a foundery, and 
several other manufacturing establishments. ‘There are churches, schools, 
and newspapers, and a population estimated at 1,200 to 1,500. 

Besides these more important cities on the plains there are several other 
smaller towns and villages, scattered through the agricultural regions or located 
in the neighborhood of the coal mines, that are steadily increasing in import- 
ance as the country is developed. Such are: Burlington, situated on the main 
stage road between Cheyenne and Denver, and in the midst of a well-culti- 
vated farming country ; Boulder, at the mouth of the cafion whence Boulder 
Creek emerges from the mountains upon the plains; Valmont, at the junc- 
tion of the north and south branches of the same creek; Mount Vernon, a 
few miles south of Golden City, and several others, as Colorado City and 
Cafion City in the southern portion of the Territory. 

The principal mountain towns are Black Hawk, eel City, and 
Nevada, on the head-waters of North Clear Creek, in Gilpin County, the cen- 
ter of the gold mining industry; Georgetown, in Clear Creek County, on 
the head-waters of South Clear Creek, and the most active point in silver 
mining; besides which are several smaller towns and villages, such as Idaho, 
Fall River, Empire City and oHets, that are located in the outlying mining 
districts. 

The first three of the above-named towns, though possessing separate 
organizations, are, in fact, one settlement, being located in close proximity to 
each other. Black Hawk is situated at the junction of North Clear Creek 
with its tributaries, Chase Gulch and Gregory Gulch; Central City, a mile 
further up the stream, is at the point where Spring, Nevada, and Kureka 
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Gulches join Gregory Gulch; while Nevada is in the gulch of the same 


name, about a mile beyond Central. They thus form one continuous town, 
about three miles in length, and contain together about 6,000 people. They 
are connected with Denver and Golden City by daily stages and are about 
AO and 28 miles distant from those places respectively, according to the 
length of the traveled roads. ‘They are also connected by good mountain 
roads with the towns of neighboring districts. They are surrounded by 
mines, mills, and metallurgical establishments that will receive more minute 
description in the following chapter. 

AGRICULTURE.—It will be seen that the natural wealth of the Territory 
is based not only upon varied mineral but also large agricultural resources. 
The latter at first attracted but little attention in a country that was chiefly 
opened by mining enterprise, but during late years, as the growing settle- 
ments created a permanent market for the products of the soil, the farming 
interests have greatly increased in importance, and during the past two years 
the reported value of the crops is but little, if anything, less than the bullion 
product. 

Thus in 1868, according to Mr. W. R. Thomas of the Denver News, 
the agricultural statistics were as follows: Number of acres of land cultivated 
in wheat, 7,410, producing an average of 28 bushels per acre; acres culti- 
vated in corn, 10,834, producing an average of 25 bushels per acre; acres 
cultivated in oats and barley, 3,709, producing an average of 35 bushels per 
acre; acres cultivated in potatoes, 1,966, producing an average of 100 bushels 
per acre. Estimated value of these crops, $2,683,840. 

The crop of 1869, according to Mr. Cyrus Thomas, attached to Dr. 
Hayden’s Geological Survey of Colorado and New Mexico, is larger than that 
of any preceding year, and is thus estimated: Wheat, 675,000 bushels; corn, 
600,000 bushels; oats and barley, (nine-tenths oats,) 550,000 bushels; pota- 
toes and other vegetables, 350,000 bushels; the market value of which, with 
that of the hay and dairy product, is placed at not less than $3,500,000. 

Mineran Weratta.—The mineral products of commercial value are 
widely distributed throughout the Territory. The eastern base of the 
mountain range is flanked by the coal beds, which crop out, at frequent 
intervals, in the upturned strata of the foot-hills, and, extending thence east- 
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ward, underlie the plains to an unknown but doubtless very great extent. 
With these are associated the beds of iron ore and fire-clay, while the 
elevated portion of the range is traversed from north to south by the min- 
eral belt, or system of lodes, in which occur the precious metals, gold and 
silver, in combination with lead and copper. 

Coat AnD Iron.—The coal and iron deposits of the Territory have been 
studied with much attention by Dr. F. V. Hayden, United States Geologist, 
in charge of the Geological Survey of Colorado and New Mexico, who has 
published some of the results of his investigations in Silliman’s Journal of 
March, 1868, and in his Preliminary Field Report, presented to the Secre- 
tary of the Interior in 1869. According to this observer, these beds are of 
Tertiary age. ‘The coal is a lignite of very superior quality. The beds are 
exposed in many localities all along the eastern base of the mountains, not 
only in Colorado but in the neighboring Territories, the area covered by 
them, north of the Arkansas River, being estimated at 5,000 square miles. 
For a minute description of the geological features of this formation the 
reader may be referred to Dr. Hayden’s official report, from which is taken 
the following section, showing the series of beds at Marshall’s coal mine, 5 
miles south of Boulder City and 17 miles north of Golden City, where the 
largest developments of the Tertiary coal-bearing strata are revealed: 


48. Drab clay, with iron ore along the top of the ridge. 
47. Sandstone. 

46. Drab clay and iron ore. 

45. Coal (No. 11), undeveloped. 

44. Drab clay. 

43. Sandstone, 15 to 20 feet thick. 

42. Drab clay and iron ore. 

Al. Coal (No. 10), undeveloped. 

40. Yellowish-drab clay, 4 feet. 

39. Sandstone, 20 feet. 

38. Drab clay, full of the finest quality of iron ore, 15 feet. 
37. Thin layer of sandstone. 

36. Coal (No. 9), nearly vertical, 12 feet. 


35. Arenaceous clay, 2 feet. 
61 
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34. Drab clay, 3 feet. 
33. Sandstone, 5 feet; heavy seam of iron ore; drab clay, 3 feet; sand- 


stone, 5 feet. 


32. 
dl. 
30. 
29. 
28. 
27. 
26. 
25. 
24. 
23. 
22. 


Coal (No. 8), 4 feet. 

Drab clay. 

Sandstone, 25 to 40 feet. 

Drab clay, 6 feet. 

Coal (No. 7), 6 feet. 

Drab clay, 5 feet. ; 
Sandstone, with seam of clay 12 to18 inches, intercalated 25 feet. 
Drab clay, 4 feet. 

Coal (No. 6), in two seams, 43. 

Drab clay, 3 to 4 feet. 

Yellowish, fine-grained sandstone in thin, loose layers, with plants, 
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~~ 
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5 to 10 feet. 


2 
20. 
19 
18. 
1% 
16. 
ILS 
14. 
113}. 
12. 
ae 
10. 
. Drab clay. 

. Sandstone. 

. Drab clay. 

- Coal (No. 2), 8 feet. 

. Drab clay. 

. Sandstone, about 25 feet. 
. Drab fire-clay, 4 feet. 


wor ODN © © 


o* { Drab clay, with excellent iron ore. ) 

se Coal (No.5); 7 ‘feet. 2-2 <2. AS Rud 45 feet. 
A | Drab Chay hea Ce ALE Uk er dhe Bae J . 
Sandstone, dipping 11°. 

Drab clay. _—) 

Coal (No. 4). 690 feet; obscure. 

Drab clay. J 

Sandstone, massive, 60 feet. 

Drab clay. 

Sandstone. 

Drab clay. 

Coal (No. 3). 
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2. Coal (No. 1), 11 to 14 feet. 
1. Sandstone. 


The same report presents the following analyses of samples of lignite 
from Marshall’s mines that were submitted to Dr. Torrey by the Union Pacific 
Railroad Company : 


Water, in a state of combination, or its elements, as in dry wood - - - - - - - - - = - 
Volatile matter, expelled at red heat, forming inflammable gases and vapors - - - - - - - 26.00 19.30 
Fixed carbon - - - - - - = - = --+-----+---5--525---5---- 59-20 58.70 
Ash, consisting chiefly of oxide of iron, alumina, and little silica - - - - - - - ~ - - - 


The iron ore is mostly concretionary, but sometimes it is so continuous 
as to give the idea of a permanent bed. Much of it is full of impressions of 
leaves in fragments, stems, grass, &c. It occurs, throughout the intercalated 
beds of clay, in masses that vary from one ounce to several tons in weight, 
and is chiefly in the form of brown hematite. Selected specimens yield a 
high percentage in metallic iron. 

The following is an analysis of a sample of the ore, made by Mr. Edward 
M. Kent, and quoted from a published report of the Belle Monte Furnace 
Tron and Coal Company : 


Iii severities aes ae See ae A a eel) Bl oe eee a ALS 
Oyen eee ch ree ee ine ina ee ented Us hae sls eas Sani) LET 
EDT Te holes c Bo Ncbegs cya Oh nite CA ie rene REA OEE, Bie Rs AUeaR A SUR OE BERS Oe Ae SE 27.8 
Wathen tts ere eee SAR Leah he ai Sle Soll. Tan lei ae ae 124 
RO eiemerage Ae) An chased eB AELE G10 0Ea 0 ae Os Re ate Hae Lge ge APL EN aes REPELLANT 0.8 

100.0 


A blast-furnace was built by the company named above for the purpose 
of smelting iron, near the Marshall mines, which was in operation for two 
months, producing in that time 250 tons of pig iron. The result of this ex- 
perience was that 5,000 pounds of ore yielded one ton of metal. In this 
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operation charcoal was used at the rate of 130 to 150 bushels per ton of iron 
produced. The supplies of wood in the neighboring foot-hills of the range 
are abundant. Charcoal costs, at the furnace, 16 cents per bushel; and the 
cost of producing metal, during the experimental work referred to, is stated 
at $45 per ton. The furnace has since been idle, the principal alleged reason 
being that the quantity of old iron in the country, consisting of useless 
machinery brought in early days from the Kast, is still so great as to supply 
the demand at a less price than the cost of manufacturing. The quality of this 
coal is superior to that of most lignites, and is pronounced by good judges quite 
equal, for ordinary purposes, to that of many of the Pennsylvania coals. For 
domestic use, steam generation, and other common uses of fuel it is excellent. 
Its adaptability to smelting has not yet been thoroughly tried. For use in a 
blast-furnace it probably has not sufficient strength to sustain a charge; and, 
so far as the writer is informed, it will not coke. By adopting furnaces con- 
structed especially with a view to the employment of this fuel, it may be 
utilized for the smelting of gold, silver, lead, and copper ores, but this has not 
yet been attempted on any large scale. 

The chief developments on these coal beds have been made at Marshall’s 
mine, 17 miles north of Golden City; at Murphy’s mine, 5 miles north of the 
same point, and several other localities along this section of the foot-hills. The 
extent of work performed has been limited by the demand, which thus far 
has been but little more than to supply Denver, Golden City, and other 
places in the immediate neighborhood with fuel for domestic purposes. This 
demand will doubtless greatly increase as soon as railway transportation 
is furnished between this district and larger markets. At Marshall’s 
mine, when visited by the writer in 1868, there were but few men 
employed. The mine was opened by two tunnels, one about 200 feet, the 
other 450 feet in length, from which a number of diverging galleries and 
working chambers were opened, so that whenever necessary a large force of 
men could be employed in taking out coal. The coal seam is about 11 or 12 
feet thick ; it presents a beautifully clear surface, being mixed with very little 
shale or slate. The seam lies almost flat, dipping only about five degrees, 
and admirably situated for extensive and economical working. It is said that 
2) men can break 100 tons of coal per day and deliver it at the mouth of the 


ee 


COLORADO. 485 


tunnel. The demand, however, had not, thus far, called for that degree of 
activity. During the winter about 20 or 30 tons per day were mined. 
The price of mining, paid to the contractors, was $2 per ton, delivered in 
wagons at the mouth of the tunnel; and the price obtained from buyers was 
$4 per ton. The selling pricein Denver, 24 miles distant, at that time, was 
from $10 to $12 per ton. 

At Murphy’s mine, 5 miles from Golden City and 12 miles from Denver, 
the seam worked is 16 feet thick, and, where opened, is upturned so as to 
stand vertically. It is opened, where cut through by Ralston Creek, by tun- 
nels, the coal being broken down from above the level of the tunnel. The 
coal is of excellent quality. A force of about 18 men was employed, pro- 
ducing about 35 or 40 tons per day. The cost of mining, that is, the contract 
price paid to miners, was $1 50 per ton. Denver furnishes, thus far, the 
principal market for the coal of this mine. 

Precious Meraus.—The metal-bearing veins occur in the more elevated 
portion of the mountains, and form, at those points where developed in Colo- 
rado, parts of a great system, which is generally known as the Mineral Belt. 
This belt, stretching along the range from south to north, has only been 
explored at intervals; but, although broken here and there by unproductive 
regions, is probably, in a general sense, continuous for many hundreds of 
miles. Its limits are unknown, but it probably traverses the domain of 
the United States and, extending far beyond our boundaries, contains many 
new fields of mineral wealth that are still to be discovered and developed. 

Superficial examinations and prospecting have been carried on over a 
considerable portion of its extent in Colorado, but persistent exploration, with 
a view to the development of mines, has thus far been confined to a few 
points. The mining regions thus opened extend from the central part of 
Boulder County in a southerly, or south-southwesterly, direction through Gil- 
pin, Clear Creek, Summit, and Park Counties, forming a belt of ill-defined 
limits, but, so far as at present developed, from five to ten miles wide and 
from seventy-five to one hundred miles long. At many points along this belt 
metalliferous veins have been found, occurring in groups that are separated 
from each other by intervening barren regions. These veins are generally 
inclosed in granitic and gneissic or schistose rocks of metamorphic character. 
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They present the characteristic features of true fissure veins and many of them 
are rich in gold, silver, copper, and lead. 

The relative association and method of distribution of these metals are 
very interesting, and although the subject has, thus far, been too little studied 
to afford data for much generalization, these lodes will, in future, furnish an 
instructive field for the student of vein phenomena. The gold-bearing veins of 
Colorado differ in many respects from those of California. The latter have gen- 
erally a gangue of clear white quartz carrying free gold, with a comparatively 
small proportion of iron pyrites; those of Colorado are usually filled with a 
gangue rock composed of quartz and feldspar, sometimes porphyritic in char- 
acter, and associated with a seam of ore which consists chiefly of auriferous 
copper pyrites and iron pyrites. Very little of the gold is free in the quartz, 
but is mostly combined or intimately associated with the pyrites; and, accord- 
ing to general observation, the copper pyrites is a much richer gold ore than 
the iron pyrites. Nearly all the gold-bearing veins carry some silver. The 
proportion of this latter metal is variable, but is seldom less than one ounce 
of silver for each ounce of gold, and oftentimes very much more. 

While the gold-bearing veins almost always, if not invariably, carry some 
silver, the richest silver-bearing veins, as, for instance, those about George- 
town, are usually wanting in gold. The ores of these veins generally consist 
of argentiferous galena, mixed with comparatively little pyrites and enriched 
by the presence of true silver minerals in sulphureted and antimonial forms. 
In the several groups of veins one or the other of these types usually pre- 
dominates. Those in the Gilpin County region, of which Central City is the 
center, the lodes are pre-eminently auriferous; although in the immediate 
vicinity there are veins that are strictly silver-bearing, and, so far as the 
writer is informed, entirely without gold; of such the Coaley lode, a half mile 
or a mile below Black Hawk is an example. Advancing in a southwesterly 
direction from Central City toward Georgetown, the gold veins become 
notably richer in silver, and, according to the observations of some, a gradually 
increasing proportion of silver may be discerned, until, ariving at the George- 
town district, the veins become entirely argentiferous in character and are 
almost, if not quite, without perceptible traces of gold. | 

‘The relations of these veins to each other, as regards their position, age, 
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structure, and contents, with a view to learn the causes that have produced 
their different characteristics have been but little studied and offer an inviting 
and interesting field for investigation. 

It is now about eleven years since the first discovery of a gold-bearing 
lode in Colorado. The history of the finding of the precious metal, by pio- 
neers, first in the streams emerging from the foot-hills of the mountains, then 
in the beds of creeks higher up in the range, and finally tracing it to one of 
the chief sources and revealing the place of the famous Gregory lode, has 
been sketched by Mr. O. J. Hollister, in his ‘Mines of Colorado.” 


As early as 1852 gold was discovered, by small traveling parties, in one 
of the streams which is a tributary of Clear Creek, near its junction with the 
South Platte, a few miles east of the base of the range. In 1857, gold, in 
considerable quantities, was obtained by prospectors in the neighborhood of 
Cherry Creek, and near the present site of the city of Denver. During the 
two succeeding years of 1858 and 1859, the streams of the foot-hills and, to 
some extent, the more elevated portion of the range, were visited by miners, 
who discovered some rich gold placers, and worked them with considerable 
success. On the 6th of May, 1859, after long and patient search, the dis- 
covery of what is now known as the Gregory lode was made by John H. 
Gregory; and this important event brought hundreds and thousands of 
men to engage in the search for the precious metal. The country was 
prospected far and wide. New and rich placers were opened and worked, 
lodes were discovered, mining districts were organized, and a great degree 
of activity in mining enterprise was developed, which prevailed during sev- 
eral years. ; 

The history of the progress of these operations, during the ten years 
that followed the discovery of the Gregory lode, has become generally famil- 
iar, through books and public journals. It has been one of varied success 
and disappointment. During the earlier years, while the alluvial deposits of 
gold, along the bars and in the beds of streams, were yielding their rich 
stores without hinderance to the miner, and while the soft, decomposed sur- 
face ore of the mineral veins demanded but little skill and scarcely any ma- 
chinery for the extraction of its valuable contents, the country was prosper- 
ous, and everything went well. When, however, the placers commenced to 
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show signs of exhaustion and the lodes, having been stripped of their easily- 
mined and readily-worked ‘‘top quartz,” began to furnish ores that, although 
rich in gold, refused to yield it to the simple methods of extraction thus far 
in practice, a serious reaction ensued. The development of the lodes had 
already reached considerable depths and could no longer be worked without 
the investment of large sums of money in machinery for the extraction of 
rock and water. ‘The character of the veins proved, also, to be quite varia- 
ble, productive portions alternating with large masses of barren ground, re- 
quiring much unprofitable work in exploration, and oftentimes exhausting the 
patience and the means of the miner before affording any return. The ores, 
too, when obtained, were found to carry their gold and silver in such combi- 
nations that they could not be profitably worked without the introduction of 
metallurgical processes that were new to those who sought to use them, 
and that also demanded, for the provision of the necessary machinery, an 
amount of capital that was far beyond the power of the pioneers and settlers 
of the country to furnish. Companies were organized, and money was sought 
in the Eastern States for the development of the mines, and, for a time, the 
means were furnished freely by the capitalists of New York, Boston, Phila- 
delphia, and other large cities. Unfortunately for the country the first result 
of these investments was a bitter disappointment. This was due partly to 
some gross misrepresentations, by means of which money was obtained, and 
partly to the ignorance and inexperience that caused much of it to be fruit- 
lessly squandered. Durmg the period of speculative excitement that pre- 
vailed in 1863, the most exaggerated statements were published concerning 
the resources of the new mining field, in order to induce the investment of 
capital, and estimates of the probable returns were made that would have 
been highly extravagant even if the statements on which they were based 
had been true. The supply of capital was, at first, abundant, but the men 
intrusted with the use of it were, for the greater part, novices both in mining 
and metallurgical matters, and the practical experience already gained in Cal- 
ifornia and other portions of the United States seemed to avail but little in 
the new regions. The refractory ores offered serious obstacles to the profit- 
able working of the mines, and as the inventive genius of the country was 
called upon to devise new methods of treatment, the place was soon overrun 


. 
. 
. 


COLORADO. 489 


by process-vendors, each of whom needed a considerable sum of money to put 
his newly-discovered process to the test. In some cases large and costly 
metallurgical establishments were built for the purpose of treating the ores 
of certain lodes before either the value of the lodes or the merit of the pro- 
cesses proposed had been ascertained. Large quantities of machinery were 
carried from eastern shops into the Territory, at extravagant costs for 
transportation, much of which, on arrival, was useless for any other practical 
purpose than to be broken up for old iron; and it is said that the supply of 
this material, from this source alone, has been great enough thus far to meet 
the demand of the shops and founderies of the mining regions. The natural 
consequence of the disappoimtment of so many vain hopes and of the utter 
waste of so much capital was a disastrous reaction, and, in 1864, the country, 
with its mining projects, fell into a state of disfavor among the monied men 
of the Kast, from which it has not yet wholly recovered, although the opera- 
tions of the last two or three years have done much toward redeeming its 
character. 

The present condition of mining industry in the Territory is more en- 
couraging, probably, than it has been since the beginning of the depression 
which resulted from the failures of 1864; and although the annual production 
of bullion is less than the reported products of the earlier years, while the 
rich placers were being worked, the business, based as it is chiefly upon the 
development of mineral veins and only toa slight extent upon the readily 
exhaustible alluvial deposits, is assuming a more permanent and reliable form. 

The years of 1865 and 1866 witnessed a period of inactivity, during 
which scarcely anything was accomplished in the development of mines or 
the production of bullion; but a few persistent parties persevered, and, in 
1867, a revival of the business followed, which has since been steadily in- 
creasing in importance. Many of the large companies, formed in the days of 
speculative excitement, are still inactive, and some of the best lodes are 
standing idle, owing to various unfavorable conditions, some of which will 
be poimted out in the following chapter; but there are many smaller enter- 
prises, owned and managed by individuals, who, although possessed of only 
a moderate capital, have been free from some of the evils of large corpora- 


tions, and have accomplished success by conducting their affairs in a practi- 
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cal, business-like way, and in a manner adapted to the means at hand and the 
end in view. . 

The methods of mining are gradually improving; the costs of labor, 
materials and supplies are steadily being reduced; metallurgical processes 
adapted to the several classes of ore have been introduced into the region and 
successfully applied to their purpose, and the business is slowly but surely 
establishing itself on a permanent and healthy basis. 

In the following chapters the principal gold and silver mining districts of 
the Territory, the first located in Gilpin County, the second in Clear Creek 
County, will be described, with the purpose of presenting the characteristic 
features of typical veins, the general method of their development, and the 
present condition of mining and milling industry. Besides the localities thus 
selected for description there are other outlying districts which formerly 
received much attention, and now, after a long period of inactivity, are again 
being worked. The mines of Boulder County, lying on the north of Gilpin, 
were wrought several years ago, with almost if not quite as much vigor as 
those of the last-named county. Several important mining districts were 
formed, many lodes were opened, and some of them acquired a great reputa- 
tion. In the depression of mining interests, which came in 1864, this region 
suffered very much, and, during the writer’s visit to the Territory, but little 
work was in progress. According to late newspaper reports, operations are 
being resumed. In Ward district alone there are five stamp mills, contain- 
ing over 100 stamps, most of which are reported at work. ‘The veins are 
productive both in silver and gold. The general type, however, appears to 
resemble those of Gilpin County. 

Southwest from Central City, and between that point and Georgetown, 
there is a succession of mining districts, especially along South Clear Creek 
and its tributaries, which were once vigorously worked, then neglected, and 
are now again attracting renewed attention. There are many stamp mills and 
other establishments for the treatment of ores located along the course of the 
stream. Placer mining was formerly very productive on this creek, and is 
still a feature of some importance. Southwest of Georgetown, too, there is 
a good deal of activity along the mineral belt. The Snake River mines, in 


Summit County, and lying on the western slope of the range, are being 
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steadily developed, and will be briefly noticed in the final chapter; while 
beyond these are the districts of Park and Lake Counties, in which both 
placer and lode mining is in progress. 

. Button Propuct.—The bullion production of Colorado during the early 
years of its mining career cannot be accurately stated, as there are no com- 
plete records on the subject; and the statistics now in existence concerning a 
portion of the product afford but a narrow basis for a reliable estimate of the 
whole. 

Mr. Hollister, in his ‘‘Mines of Colorado,” furnishes a statement of the 
gold produced in the Territory, and deposited at the mint or its branches, 
from 1859 to June 30, 1866, amounting, in all, to $12,401,374 20. Assuming, 
then, that the deposits at the mints only embraced one-third of the total pro- 
duction of bullion—a rule which, as applied to the gold regions of Colorado, 
may well be questioned—he makes the bullion yield during that period 
$37,204,122 60. By others the product is variously estimated; some placing 
it higher than the figures given above, and some stating it at about $30,000,000. 

The production of the past two years, 1868 and 1869, is estimated by 
the writer as stated below, on the following data: The greater portion of the 
bullion product is shipped to eastern markets by the producers and the pur- 
chasing bankers, through the office of Wells, Fargo & Co., in Denver. Ac- 
cording to Mr. F. W. Jones, superintendent of that office, the average ship- 
ment thence per month, for the two years, amounts to $200,000, currency 
value—a little less in 1868 and a little more in 1869—not including those 
packages which are shipped through from Central City and Georgetown, with- 
out being rebilled in the Denver office. From data kindly furnished by the 
agents of Wells, Fargo & Co. at Central City, the writer estimates these 
through shipments from that point at $25,000 per month, currency value, in 
1868, and $50,000 per month, currency value, in 1869. The bullion ship- 
ment of Georgetown, for the two years, may be stated at $300,000, coin 
value; a portion of which may have been rebilled at Denver, but, if so, will 
be partially offset by shipments of rich lead from Snake River and small par- 
cels of ore, of which no other account can be taken. ‘To these items are to 
be added from five to ten per cent. for undervaluation of bullion shipped, and an 
allowance for bullion carried out of the country by private hands, not exceed- 
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ing 20 per cent., according to the best informed. Further, the product of 
the Boston and Colorado Smelting Works (Professor Hill’s), of which an 
estimate is given on a following page; and finally 100 tons of rich ore from 
the Equator and Terrible mines at Georgetown. 

These items may be summed up as follows: 


Shipments from Denver office, 24 months, $200,000, currency, 


per month, $4,800,000, or coin..-----------------++-- eae! $3, 600, 000 
Through shipments, not included in foregoing, from Central 

City, 24 months, $900,000 currency, or, in coin......-.--- 675, 000 
Shipment of bullion from Georgetown, two years..---.---.---- 300, 000 


Allowance on above for undervaluation and for private hands 1, 300, 000 
Boston and Colorado Smelting Works’ product to January 1, 


BIO vnce 050 eu coe Nee oN eee 570, 000 
100 tons ore from Equator and Terrible mines.-..........-.....- 55, 000 
6, 500, 000 


Making a total, for the two years, of $6,500,000, coin value, something 
more than one-half of which is to be credited to 1869. 
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CHAPTER IX. 
GOLD MINING IN COLORADO. 


SECTION I.—GILPIN COUNTY GOLD VEINS—BOBTAIL, GREGORY, BATES, ILLINOIS, 
GARDNER, BURROUGHS, FLACK, CALIFORNIA, WINNEBAGO. 

Section I.—TREATMENT OF THE ORES—MILLING—SMELTING—BULLION PRODUCT 
OF GILPIN COUNTY. 


This chapter will be devoted to a description of the present condition of 
mining industry in Gilpin County, where, as already shown, the principal 
gold-producing mines of Colorado are located.1 

This county, the smallest in the Territory, lies on the eastern slope of 
the mountains, and covers the area of country that is drained by North Clear 
Creek and its tributaries. The accompanying map, on Plate X XIX, presents 
the main topographical features of the region referred to.2 The extent of 
country indicated in this map is about six miles long, east and west, by about 
four miles wide, north and south. _ 

Central City, located at the junction of Spring, Nevada, and Eureka 
gulches, is, as its name may imply, the center of mining activity. The most 
important and best developed lodes of the region are grouped about this point 
within a circle of two or three miles in diameter. A great number of veins 
have been discovered and prospected within this area, and some of them have 
been extensively developed, a fact clearly indicated by the many mining works 


1 The writer takes occasion here to express his acknowledgment to many gentle- 
men residing in the mining regions of Gilpin County for their courteous attention and 
aid in obtaining desired information; he is especially indebted to PROFESSOR N. P. 
-HILL, Mr. H. B. BRAstTow, Mr. G. L. BRADLEY, Mr. A. VON SCHULTZ, Mr. J. ALDEN 
SmitH, Mr. JOSEPH THATCHER, and Mr. FRANK YOUNG. 

*The map here given has been prepared chiefly from one made and published by 
Messrs. Morse and Hill, engineers residing at Central City; and from topographical 
details furnished to the writer by Mr. A. N. Rogers, an experienced topographer, 
superintendent of the Bobtail mine. 
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that crowd the surrounding hills. To describe all these lodes, and the mines 
opened upon them, would be impossible, within reasonable limits, and a mere 
enumeration of them would be useless. It may suffice, therefore, for the pur- 
poses of this chapter, to select typical veins for description, choosing those 
that have been most extensively worked, since they afford the largest oppor- 
tunity for observation in depth and length, and, at the same time, furnish the 
most characteristic illustrations of the general method of development. 

Concerning these lodes in general, it may be said that they are all in- 
closed in rock which is of one common type, chiefly granitic, with some 
gneissic varieties. ‘They possess a high degree of parallelism in their strike 
or direction; their course, with few exceptions, being between due east and 
west on one hand, and northeast and southwest on the other. Within these 
limits the prevailing direction or course, among the prominent lodes, is nearly 
due east and west, or from 5° to 10° north of east. The Gregory, Bates, 
and a few others are exceptions to this statement, but the Bobtail, Burroughs, 
Gardner, Flack, Gunnell, Winnebago, and others, strike about north 85° east, 
and represent, more nearly than those before mentioned, the average course 
of veins in the district. The dip of the lodes is generally at a high angle, or 
nearly vertical. ‘They possess the distinctive features of true fissure veins, 
and they are remarkably free from faulting or displacements. 

In the following pages some of the most noteworthy lodes, which, in 
many respects, may serve as representatives of the others, will be described, 
with the view of presenting to the reader the characteristic features of the 
veins and the mode of occurrence of their ores; the manner in which the 
mines located upon them are developed, with some details concerning the cost 
of mining, the value and yield of the ores, and the relation of cost to pro- 
duction. 

The latter part of the chapter will include a description of the principal 
methods of treating the ores, and some statistical information concerning the 
operations of stamping mills; the cost of milling and other metallurgical treat- 
ment; the relation of assay value to the yield of the ores, and a statement of 
the bullion production of the district. 

Bosrart Lopr.—The Bobtail lode has the reputation of having been the 
most productive vein of Colorado and of still producing the richest gold ores. 
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It crops out on the northern slope not far below the crest and several hundred 
feet above the base of Bobtail Hill. The hill itself is on the south side of 
Gregory Gulch, about half-way between Central City and Black Hawk. 
West of it is Gregory Hill, from which it is separated by a shallow ravine. 
The western limit of what is commonly known as the Bobtail lode is at or 
near this ravine, and is traced thence easterly about 800 feet along the steep 
side of the hill referred to. 

This vein is one of a number closely related to each other, of which 
the relative positions are approximately indicated in the accompanying sketch 
on Plate XXIX. The prominent members of this system, if such it may be 
termed, are the Bobtail, Fiske, Gregory, and Bates, all of which, so far as yet 
appears, have convergent courses, so that, if continuous, they probably inter- 
sect or unite with the Mammoth lode, a large vein opened further west and 
traced for a distance of several thousand feet, coinciding closely in course, dip, 
and alignment with the Bobtail. This relation, though not clearly established 
by actual developments, seems very probable. The Bobtail is by many per- 
sons considered as a continuation of the Mammoth, faulted or somewhat dis- 
placed, perhaps a hundred feet, in the neighborhood of the ravine that sepa- 
rates Bobtail Hill from Gregory Hill. However this may be, there is a lack 
of visible continuity between the western portion of the Bobtail on the east 
side of the ravine and the distinctly recognized openings on the Mammoth on 
the western side of the ravine; so that, practically, the name of Bobtail only 
applies definitely to the lode east of the ravine. 

The average course of the lode, for the length of 800 feet east of the 
ravine, is 75° east of magnetic north; or, allowing 15° for variation of the 
compass, is east and west, true. Its dip is almost vertical, varying a little in 
places, and sometimes inclined to the northward, sometimes to the southward. 
The width of the vein varies from a few inches, or a mere seam, to 10 or even 
15 feet, but does not exceed 3 or 4 feet on an average. 

The inclosing rock may be generally described as gneiss, though having 
sometimes a distinctly granitic character. It possesses the common character- 
istics of the, probably metamorphic, rock that prevails throughout the more 
elevated portion of the mountain range. It frequently shows a thinly-banded 
structure, the lines of banding or bedding dipping easterly. The walls of the 
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vein are usually pretty well defined, the south wall more especially so. This 
is almost always easily followed and presents the ordinary features of the wall 
of a true fissure vein. A thin clay selvage, or parting, between the wall and 
filling of the vein, is apparent in most places. The north wall seems to be 
less regular, and, in some parts, is difficult to distinguish. The filling of the 
vein is a quartzose and feldspathic mixture, highly siliceous, and carrying much 
free quartz, but not having the usual characteristic appearance of solid quartz 
veins. In many places even where the vein is wide and well-defined, the 
filling of the fissure has a granitic look, differing but little in appearance from 
the country-rock, and usually, in such cases, it is quite as barren. The gangue 
accompanying the ore is a soft, whitish, or pale-greenish rock, consisting 
chiefly of decomposed or altered feldspathic material, mixed with quartz, and 
thickly impregnated with iron and copper pyrites, usually in small crystals. 
The richer ore is concentrated in a seam of solid sulphurets, consisting mainly 
of iron and copper pyrites, intimately mingled with which are comparatively 
small quantities of galena, zincblende, arsenical pyrites, and other allied min- 
erals. The precious metals, chiefly gold, but rarely, if ever, entirely without 
silver, are associated with the pyrites. Usually the fine copper pyrites is the 
richest source of gold; the iron pyrites, when fine and close-grained, is also 
a rich gold-bearing ore, but when coarse-grained and crystalline it is much 
lower in value. 

The productive portions of the vein usually carry a seam of the solid, 
gold-bearing pyrites, varying in width from an inch or two to two or three 
feet. An average width of ten or twelve inches is deemed an excellent vein 
of pay-ore. This seam of pyrites is usually accompanied by a mass of vein- 
matter or gangue, from one to three or four feet in width, which carries the 
finely-crystallized sulphurets, generally disseminated through it, as already 
described. These two methods of occurrence of the ore furnish two quali- 
ties for treatment; the last named, that which fills the greater part of the 
vein, affording stamp-rock that yields about an ounce of retorted amalgam, or 
$16 50 to $18, coin, per ton; the former, or the concentrated seam of py- 
rites, affording the first-class or smelting ore, assaying from three to twelve, 
and averaging about six ounces of fine gold and six ounces of fine silver per 
ton, besides the copper, which, when saved in the smelting process, forms an 
important element of its value. 
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The distribution of ore in the vein is not uniform. Some portions of 
the ground, for considerable distances, both horizontally and vertically, are 
barren; the walls approach each other; the vein matter pinches out, or, some- 
times, the vein, where preserving its width, is filled with barren rock. In 
some places the fissure is filled with a good vein of stamp-rock, with little or 
no first-class ore; in others the solid seams of sulphurets, the copper and iron 
pyrites, attain and preserve for considerable distances, a width of two feet 
or more. Commonly, however, as has just been stated, the vein, where pro- 
ductive, consists of a seam of gold-bearing pyrites, eight or twelve inches in 
width, with an accompanying belt of pay-ground, having the ore more or less 
liberally distributed through it, and affording stamp-rock of fair quality. The 
average yield of the stamp-rock of this lode is six or seven ounces of retorted 
amalgam per cord of ore. The ounce of amalgam is worth from $16 50 to 
$18, coin. The cord contains from seven to eight tons. The yield is accord- 
ingly about $14 or $16, coin, per ton. ; 

As nearly as could be ascertained from the officers of the es mine, 
working on the western portion of the lode, the proportion of first-class ore 
to the second-class or stamp-rock, was about one-tenth; while the whole 
amount of ore of the two: grades was estimated to be from one-third to one- 
half of all the rock raised from the mine. 

The lode is clearly traced and is developed for 800 feet in length. Un- 
fortunately that extent of ground, itself not more than enough for one well- 
managed mine, is divided up into six independent claims, some of them very 
short, not only increasing greatly the costs of superintendence and general 
management, but presenting great hinderances to the economical opening and 
working of the ground. These claims, beginning at the west end in the ra- 
vine and proceeding easterly, are as follows: 


Feet. 

The Bobtail Gold Mining Company owning......-.....--...-.-..---++- 4334 

The Sterling Gold Mining Company owning. ............-.....-..+---- 662 
The Black Hawk Gold Mining Company owning...................--- 2 

The Field Gold Mining Company owning.........-....-.-..0---+22--5- 334 

The, Erust: Gold) Minine, Conmpany, OwWMIDg --- 02-053. 25 n4eacenqse dass 668 
The Sensenderfer Gold Mining Company owning..........-...-...-.-. 128 
800 
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On Plate XXX will be found a longitudinal section of the lode, showing 
the relations of these claims to each other, and something of the manner in 
which they have been worked. This section is prepared from one furnished 
to the writer by Mr. A. N. Rogers, superintendent of the Bobtail mine. 

The development of these claims has reached an average depth of about 
500 feet. They have been worked independently of each other, except in 
the matter of drainage, which has been effected by pumping machinery, 
owned and operated by the several parties on joint account. But the very — 
limited extent of most of the claims has been the cause of very irregular work 
below ground, especially in those east of the Bobtail Company. Lach claim, 
even the shortest, has carried on its operations through an independent shaft, 
usually stoping the ore underhand as fast as made accessible by the shaft. 
No systematic opening of the ground, in advance of the stopes, or economical 
or advantageous methods of attacking or handling the rock can be employed 
under such conditions. The vein is not wide, and the rock is hard, making 
the costs of sinking and stoping very considerable; water is abundant and its 
removal involves much expense; nor is the vein uniformly productive. All 
these qualities demand economy and a well-organized. and comprehensive 
system of management as the first condition of permanent and successful 
mining. In the absence of this the profits are likely to be absorbed by the 
multiplied costs of administration when the lode is productive, and when the 
lode becomes poor, in any given portion, the work is liable to be abandoned 
by the parties that are most affected, and only resumed when the neighbor- 
ing claims have afforded renewed encouragement. 

The Bobtail lode has been remarkably productive, and has yielded very 
rich ores, so that, in spite of all the existing disadvantages, it has, during its 
history, paid large profits 10 its owners. Nevertheless, its operations of late 
have been less prosperous. Some of the shorter claims, under temporary 
discouragements, stopped work two or three years ago; the others, owing to 
various causes, of which the inefficiency of the pumping apparatus has been 
an important one, and the necessity of investing largely in machinery and 
other improvements another, have been unable, for some time, to make any 
dividends; and, in the summer of 1869, all work on the lode was suspended, 
awaiting the result of negotiations then in progress, having in view the con- 
solidation of the various companies interested in the property. 


: Plate XXX - 
BURROUGITS ; 
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Bobtail Mine.—The first of the above-named companies, the “ Bobtail,” 
owns more than one-half of the developed portion of the lode, and is therefore 
able to carry on its operations more advantageously, in some respects, than the 
neighboring mines, that are much shorter in extent. The upper portion of the 
ground is said to have been worked in early days by various parties, who gouged 
out what they could without method or regard for the future, and although it 
yielded largely in rich ores, the present company, working the mine since 
1864, have not only encountered a good deal of poor ground, but have been 
obliged to spend much money and patient effort in providing proper machin- 
ery and getting the mine into a suitable condition for economical operation. 
It was originally opened by several vertical shafts, two of which have been 
continued by the present company, and are now connected with an incline, 
through which all the ore is hoisted to the surface. The accompanying sec- 
tion indicates the general character and extent of the work. The hoisting 
machinery is at the west end of the property, from which point the incline 
starts and, going easterly in the plane of the vein, but descending at an angle 
of about 20°, connects first with the vertical shaft near the center of the 
mine, and afterward with the east shaft, about fifty feet from the east bound- 
ary line. A carriage, operated by the winding machinery at the surface, 
travels on a tramway in the incline, carrying the bucket, which latter, by an 
ingeniously-devised contrivance, is lowered into either vertical shaft on ar- 
rival at the point of junction of the shaft with the incline, and, on being 
hoisted, resumes its place on the carriage, and is thus taken to the surface. 
When connection with the east shaft is desired, the central shaft is covered — 
by a bridge. The east shaft, which is the deepest on this mine, had reached 
a depth of 440 feet in the summer of 1868, and was then in progress of fur- 
ther sinking. The central shaft was between 300 and 400 feet deep. Fur- 
ther west, directly under the shaft-house, is another vertical shaft, not far 
from 400 feet deep, but which had been a long time unused, even previous 
to the suspension of other work, on account of excess of water. The vein, 
in this part of the mine, is said to be pinched, or, as locally termed, “‘in cap,” 
and, at present, not very promising. It is not drained by the present pump- 
shaft, and as the water is too abundant to be removed by the means at hand 


the work of sinking was interrupted. 
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The eastern part of the ground is better than that further west, and has 
therefore been more extensively worked. When visited by the writer there 
was a good vein of smelting ore in this part of the mine, varying from 12 to 
18 inches in width, accompanied by about 24 inches of fair milling ore. ‘The 
upper part of the mine is pretty thoroughly worked out, but the deeper portion 
has been opened by levels, making the ground available for backstoping. As 
this had been done only to a limited extent the force that could be employed 
in producing ore was not large. During the season previous to closing the 
mine its average product was 240 or 250 tons of milling ore per month, yield- 
ing about $15, in coin, per ton, besides which, during the foregoing year, 
some 20 tons per month of first-class ore had been sold at the Smelting 
Works, at an average price of little less than $70 per ton, in currency. 

The hoisting machinery on this mine has been provided with a view to 
permanent work, and is very well adapted to its purpose. It is substantial 
and is compactly arranged, and but one or two other mines in the Territory 
are equally well equipped. It consists of two engines, each having a cylinder 
10 inches in diameter by 20 inches stroke, geared together to drive a com- 
mon shaft, by which the winding reels are set in motion. The. reels are 
operated by friction-gear. ‘The style of this hoisting machinery is generally 
similar to that in use at the North Star mine, on the Illinois lode, which will 
be described in more detail further on. 

There are two spools, one of which is devoted to the incline, the other 
te the vertical shaft at the west end of the mine, near the engine-house, thus 
commanding three shafts. 

The engines have greater power than is necessary for the work of the 
mine, and were provided with the view of furnishing power to a stamp mill 
to be built on the same premises. Steam is furnished by a single locomotive 
boiler of about 35 horse-power capacity, consuming two and a half cords of 
wood per day. The machinery is inclosed in a neat engine-house built of 
stone, with which is connected a spacious shaft-house, covering the ore- 
assorting floors, forge, and repair shops. The drainage of the whole lode is 
effected by the pumping apparatus on the adjoining claim. _ 


*'The relation of the value of the ore to the price paid by the Smelting Works will 
be shown further on. 
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Since the present superintendent, Mr. A. N. Rogers, undertook the man- 
agement of the affairs of this company in 1865, they have spent about $100,000 
in improvements; their product in that time is not definitely known to the 
writer, but is considerably in excess of that sum. According to Mr..Rogers, 
the proceeds of the mine during the year previous to August, 1869, were 
some $25,000 or $30,000 in excess of the costs of working. 

Sterling Mine—Next east of the Bobtail Company’s mine is that of the 
Sterling, owning 663 feet. This claim is opened by a vertical shaft which has 
reached the greatest absolute depth of any on the lode, and is used by the Drain- 
age Company as a pump-shaft. The mine has been worked out above, but, 
when seen by the writer, previous to the suspension of work, there was a very 
good vein in the bottom, carrying a seam of compact iron and copper pyrites, a 
foot or more in width, besides a belt of stamp-rock of good quality. The 
ores are essentially of the same character as those of the neighboring mine 
just described. During the year previous to closing the mine something over 
150 tons of smelting ore had been sold at the Smelting Works, on which the 


mine realized about $90 per ton, in currency, its average tenor being about 


six ounces of fine gold and six or seven ounces of fine silver to the ton. The 
mine has good ground, but, as has been just observed, it is too short in extent 
to be worked advantageously. Its hoisting power is derived from the engine 
on the next claim on the east, the Black Hawk Company. 

The pump of the Drainage Company, established in the Sterling shaft, 
consists of a 10-inch force-pump, or plunger, which is placed about 250 feet 
below the adit-level; this level, 130 feet below the mouth of the shaft, passes 
through the mine of the Bobtail Company, as may be seen in the section, and 
delivers the water in the ravine, west of the Bobtail works. Below the plunger- 
pump is a draw-lift of 12 inches diameter, raising the water from the bottom 
of the mine to the cistern supplying the force-pump. ‘The column above the 
plunger is a 10-inch pipe, except where, for want ofa sufficient supply of the 
latter, two 6-inch pipes are introduced as a substitute. The driving power, 
set up in the shaft-house at the surface, consists of an engine with a cylinder 
14 inches in diameter and 30 inches stroke, geared directly to the shaft car- 
rying the driving pinion, but, owing to several miscalculations, and partly to 


the lack of proper steam capacity m the boiler provided for the purpose, it 
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has not been made to work satisfactorily, and, under these circumstances, the 
pump was worked by the engine on the Black Hawk property, the power 
being transmitted by a line-shaft and thence by belting to the pump-gearing. 
These appliances are unsubstantial and ill-arranged for work so important as 
the drainage of the lode, which is very abundant in water, and the ineffi- 
ciency of the apparatus has been the cause of great hinderance to the several 
mines dependent upon it, especially as most of them are almost as deep as the 
pump-shaft and are frequently obliged to suspend operations altogether on 
account of water. The pump, while running, worked on a six-foot stroke, 
making from seven to ten strokes per minute, and was obliged to run night 
and day steadily. 

The Drainage Company is an association of the several working companies 
on the lode. The costs of operation are allotted among them according to 
the length of their claims, the pump-shaft being sunk by the Sterling Com- 
pany, except under certain conditions, when the expense of sinking is partly 
borne by the association. But the number and diversity of interests of the 
several parties do not serve to promote good management, and their expe- 
rience affords evidence of the disadvantage that arises from subdividing what 
might be one good mine, if conducted as a whole, into a half dozen independ- 
ent and sometimes conflicting parts. The Drainage Company, since its 
organization, have expended over $100,000. The running expenses, when 
in operation, were about $1,600 per month. 

An intimate connection between this lode and the neighboring lodes, 
the Fiske and Gregory, is said to be shown by the drainage; the last-named, 
when worked to a deeper level than the Bobtail, having drained the latter 
completely ; while under reversed conditions, the Bobtail drained both the 
Fiske and Gregory. The Running lode, opened a half mile east of the mines 
on the Bobtail, and regarded by some as a continuation of the same, and by 
others as a separate lode,’ is said likewise to be drained by the Bobtail pump. 
Nevertheless the west shaft of the Bobtail mine is filled with water some 40 
or 50 feet above the bottom of the pump-shaft. With regard to this it is 
stated that the shaft was perfectly drained, until, in sinking, a large stream of 


1The writer did not visit it. 
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water was cut, driving the men out and filling the shaft; and on being suf- 
fered to stand in that condition for a season, the crevices and clefts about the 
bottom of the shaft, formerly affording passage to the water, may have 
become choked with clay and thus impenetrable. 

The next two claims on the east, the Black Hawk and the Field, have 
been worked to a depth of about 400 feet and have been very productive, 
especially, it is said, the latter. 

Trust—The Trust mine, claiming 662 feet, next east of the Field, has 
been worked to a depth of about 540 feet or little more. Nearly all the produc- 
tive ground has been worked out to within a few feet of the bottom, where 
the vein, at the depth just mentioned, was four or five feet wide, with two 
feet of pay-ground. The mine has a good shaft five feet by ten in the clear, 
divided into two compartments, one for hoisting and one for a ladder-road. It is 
well timbered with roughly framed sets, six feet apart, and lined up with three- 
inch plank. There are no hoisting works belonging to this company. Power 
is derived, by means of a line-shaft, from the neighboring mine. This claim 
has not been very productive of late, the shaft having been in poor ground. 
Some of the first-class ore, however, is of high grade; one lot of four or five 
tons, taken out at the time of the writer’s visit, contained eleven ounces of 
fine gold and twelve ounces of fine silver to the ton. The average value of 
its cres is not essentially different from that produced by the other claims on 
the lode. 

Sensenderfer—The next claim, and the eastern limit of the developed 
portion of the lode, is the Sensenderfer. This mine has the enviable reputation 
of having not only the richest ore, but the most uniformly productive ground, of 
any of the claims on the vein. Itis worked by means of two shafts to a depth of 
more than 500 feet, and although pretty much worked out above, the bottom 
of the mine, when work was suspended, showed a strong vein, two feet wide, 
filled with ore of high grade. During several years this claim was worked 
by Mr. John Sensenderfer, who is reputed to have taken from it a large 
amount of gold. It has also been idle for various reasons during much of the 
time since its first discovery. Since 1866 it has been worked by a company, 
consisting chiefly of a few gentlemen residing in Central City, and during 
that time has been one of the most profitable enterprises in the Territory. 
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The entire product of ore was usually sent to the stamping mill without 
selection of first-class for smelting, and yielded on the average fifteen ounces 
of gold to the cord of rock, or two ounces per ton. In some cases three or 
four ounces per ton were obtained. 

Late in the summer of 1868 the company began to select the best of 
their ore for smelting m order to avoid the loss involved in treating ores of so 
high a value by the ordinary stamping process. 


During the two years ending September 1, 1868, the total product’ 


of this claim was, 1m curmency-20=) 3-4-2 s0-8 ee eee eee eee $197, 155 
Of which the costs of production were— 
For mining, 600 cords, say 4,500 to 4,800 tons.-.....- $51, 089 
For milling, 600 cords, say 4,500 to 4,800 tons......-. 26, 846 
COGS 
AD (eeh Used iS TUIMOIMIS GUE eMGaobostoscecadoucosbevbuscedededooe 119, 220 


Out of these profits ten dividends of $10,000 each were paid previous 
to November, 1867; during the succeeding year no dividends were paid, as 
the mine not only required considerable outlay for improvements, but suf- 
fered much delay and embarrassment on account of water. In the summer 
of 1868, however, the work was going on profitably. 

During the month of August of that year, which may serve as an average, 


the costs were stated about as follows: ’* 


Ordinary iminingjexpenses iin cumieny. sees ener eee eee $2, 600 
Proportion of pumpine: Costs eaece 3-0 eee eee ee eee 800 
Hauling ore to mull, 30°cords at title eee eee eee 330 
Milling cestssee=s.eeaeee Mage Deedes os (Re Be eer ee cto ee See 700 

4, 430 


Costs, per cord, $147 66, or about $18 50 per ton of ore, in currency. 
Of the above quantity of ore the yield at the usual average rate of 15 ounces 


‘From statements furnished to the writer by Mr. George T. Clark, treasurer. 
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of retorted amalgam, per cord, would be 450 ounces for 30 cords, which at 
$20, currency, per ounce, would be $9,000, leaving a profit of $4,570. The 
mine is provided with hoisting power, a small engine driving a simple wind- 
ing spool by means of a pulley and belt. 

Product of the lode—TVhe total yield of the Bobtail lode since the 
date of its discovery is said by those who have the best means of information 
to be $2,500,000; but it has been worked by so many different parties and in 
such an irregular manner that in the absence of reliable records it is impos- 
sible to arrive at anything nearer than a rough estimate of the product. 

Fiske Lopr.—The Fiske lode is on Bobtail Hill, a little north of the lode 
just described, and having such a course, as may be seen on the map, that 
the two veins should intersect each other in the ravine, a little west of the 
Bobtail mine. This lode is said to have been worked with encouraging results 
in times past. All operations upon it had been suspended before the writer's 
visit to the Territory and no convenient opportunity was afforded for examining 
its underground developments. 

Grecory Lopr.—The Gregory lode, the first discovered gold-producing 
vein in that region which is now the center of the mining industry of Colo- 
rado, and bearing the name of its discoverer, is, perhaps, the most widely 
celebrated of any in the Territory. During the 10 years that have passed 
since the commencement of work on this lode, it has been the scene of active 
mining operations and is at present unequalled by any other in the region as 
regards the general extent of its development; the registered locations on it 
covering about 4,000 feet, of which nearly half is worked toa depth of about 
500 feet. Its relation to the Bobtail lode has been already noted, and the 
relative positions of the two veins are generally indicated on Plate XXIX. 

While the Bobtail may be looked upon as a continuation of the Mam- 
moth, either direct or slightly displaced, the course of the Gregory diverges 
from the latter at an angle of about 45°. Its point of divergence, if regarded 
as a branch of the Mammoth, or of intersection, if considered as an independ- 
ent vein, would be several hundred feet west of the little ravine which divides 
Bobtail Hill from Gregory Hill, but its exact relations to the Mammoth are 


not definitely shown by developments thus far made, although claims have 
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been located beyond the assumed point of intersection and some mining work 
has been done upon them. It is in the little ravine just referred to that the 
first discovery of the vein was made. 

The most developed portion of the lode begins some 600 or 700 feet 
northeast of the probable junction with the Mammoth and continues thence 
in a northeasterly direction some 1,500 or 2,000 feet, divided among and 
worked by some half-dozen or more companies. Its general course for this 
distance is 80° east of magnetic north; or, allowing 15° for variation of the 
needle, is north 45° east, true, or northeast and southwest. Its course in 
this direction may be traced on the surface down the northern slope of 
Gregory Hill, across the Gregory Gulch, and over the hill which divides 
Gregory from Chase Gulch; and along this part of the vein, from the bottom 
of Gregory Gulch, where is located the mine of the Smith and Parmelee 
Company, to the top of Gregory Hill, the surface is covered with the shaft- 
houses, hoisting and pumping works, mills and waste-dumps, of the several 
companies engaged in mining on the lode. The dip of the vein is nearly ver- 
tical, though sometimes inclined either to the northwest or southeast. In the 
Consolidated Gregory mine the shafts are sunk vertically and are generally 
within the walls of the vein; further to the northeast, on the ground of the 
Black Hawk and the Briggs mines, the pitch is southeast, though not deviat- 
ing far from the vertical; the inclination of the pump-rod in the former show- 
ing a dip of 83° or 84°; while still further northeast, in the mine of the 
Smith and Parmelee, where the vein is divided into two branches, one of 
which is known as the Gregory and the other as the Briggs, the former dips 
steeply to the northwest while the latter dips to the southeast. 

The relation of the so-called Briggs vein to the Gregory has been the 
subject of much.discussion and some litigation, some claiming that the two 
are distinct and independent veins; others, that there is but one vein, which 
is divided into two parts by an intervening “horse” of ground. The probabili- 
ties seem to the writer to be in favor of the latter view, though until the 
developments of each branch are sufficient to determine the limits of the 
“horse,” or to show beyond a doubt that the intervening ground between 
the two branches is actually only an isolated and inclosed fragment, and not 
a permanent and continuous part of the country-rock, there will be some 
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reason for the contrary opinion. The two branches or veins appear at the 
surface together on the Smith and Parmelee location, and are worked between 
the same walls for something more than 100 feet. Descending vertically from 
that point the two diverge, the so-called Gregory dipping about 80° to the 
northwest, the Briggs at about the same inclination to the southeast, the dis- 
tance between them, therefore, increasing with the depth, so that at 240 feet 
below the surface a crosscut shows them to be 72 feet apart. 

Horizontally, the two branches diverge in going eastward, the angle of 
divergence being but a few degrees at first, and further east, so far as opened, 
the difference in their courses being about 10°—the Gregory having a course 
of north 45° east, true, while the Briggs has a course of north 55° east, true. 
The line of junction, or divergence, of the two branches on the west is not a 
vertical one, but dips to the westward, so that with increasing depth the divi- 
sion of the vein into two branches is found further and further west, occur- 
ring near the surface on the western part uf the Smith and Parmelee and 
eastern part of the Briggs location, while on the Black Hawk mine the split- 
ting of the vein into the two branches is about 300 feet further west at a 
depth of between 200 and 300 feet below the surface. 

Eastward, beyond the Smith and Parmelee, the work has not been sufhi- 
cient, either on the surface or in depth, to determine the relations of the two 
branches, and whether they reunite, and if so, where, remains to be seen. 

The so-called Briggs lode derives its name from the Briggs Company, 
which is located on the Gregory vein between the Black Hawk and Smith 
and Parmelee mines. It is said to have been discovered on this property, and, 
as an independent lode, is understood to be claimed by that company for a 
considerable distance beyond the limits of their claim on the Gregory itself. 
The adjoining companies, however, holding that the so-called lode is but a 
branch and a part of the Gregory, work it as such within the limits of their 
claims. Some further observations concerning the relations and development 
of these two veins or branches will be given in the following brief descrip- 
tions of the operations of the several companies working on them both. 

The country-rock of the Gregory lode is generally similar to that of the 
Bobtail—a granitic gneiss, sometimes poor in mica, at other times abounding 
in that mineral, and having the appearance of mica-schist. It frequently 
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shows parallel bands or lines of structure, or of varied mineral composition, 
which usually dip flatly to the eastward. 

The walls of the vein are not very regular. Sometimes they are quite 
smooth and well-defined, but usually there is little or no gouge or selvage, 
and the removal of the vein-matter near the wall leaves a ragged and uneven 
surface. Where the walls have been left standing sometimes they frequently 
scale off and fall in large pieces; sometimes belts of highly micaceous char- 
acter occur, which soften on exposure to the air; rendering the walls very in- 
secure and requiring substantial support. ‘The width of the vein varies from 
2 to 5 feet, sometimes expanding to 12 or 15. 

The vein-matter is like that already described in the Bobtail—quartzose 
generally, sometimes a mixture of quartz and feldspar, much of which has a 
softened, altered character, carrying a large percentage of finely-divided pyrites. 
Sometimes masses of pure quartz are also densely impregnated with finely 
crystallized iron pyrites. Crystallized quartz occurs sometimes. Free gold 
is also found, lumps worth $50 being reported. 

As in the Bobtail, there is usually a seam of compact ore, consisting of 
iron and copper gold-bearing pyrites, associated with the wider belt of vein- 
matter carrying the ore in disseminated form, as just described. The value 
of this compact ore-seam varies considerably, but is generally less per ton 
than that of the Bobtail. Some of the richer lots are said to yield from $150 
to $200 coin, per ton, but such are uncommon. In fact, the value of the lode 
seems to be less concentrated than in the Bobtail, affording a smaller propor- 
tion of smelting ore. In their favor, as compared with the Bobtail, the aver- 
age width of the Gregory is greater. ‘The yield per ton under the stamps 
varies according to the proportion of compact and richer pyrites occurring 
with the poorer vein-matter. The latter yields alone from 5 to 6 ounces per 
cord, or $10 to $13, in coin, per ton, while the average yield of the Black 
Hawk rock for six months, crushing everything together, is stated at from $20 
to $25, coin, per ton. 

The same distinction observed in the Bobtail, that the fine-grained cop- 
per pyrites is the richest gold-bearing mineral of the ore, prevails also in this 
vein. But little galena, and less zincblende, is found associated with the ores 
of the Gregory. 
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The distribution of the ore is variable, sometimes occurring in seams 2 
or 3 inches wide with intervening bands of poor rock, sometimes expanding 
to 2 feet or more in width, sometimes pinching out altogether, leaving the 
vein filled with barren matter, consisting of hard quartz and feldspar. The 
pay-seam is usually on one wall or the other, but does not seem to follow 
either uniformly throughout the length of the lode. The prominent working 
mines on this lode are, beginning about 600 or 700 feet northeast of the junc- 
tion with the Mammoth lode, as follows: 
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Southwest of the first named of these are other claims, covering in all 
more than 1,000 feet, on which some work has been done, while northeast of 
the last named the lode has been claimed and somewhat developed for another 
thousand feet, but all of these claims were idle at the time of the writer's 
visit. 

A longitudinal section of the lode will be found on Plate XXX. This 
section is not prepared from actual survey. So far as the writer is informed 
no careful survey has ever been made of any of the mines on the lode, and 
the existing records concerning the occurrence of ore in the vein are very 
meager. ‘The section here given is prepared from verbal statements made to 
the writer by officers of the mines. Some of the notes were obtained in 
1868, and the sketch here given does not claim to represent with unquestion- 
able accuracy the extent of ground that has been worked out. It is the 
object of this section, as well as of the other two on the same Plate, to repre- 
sent in a more impressive manner than can be done by verbal statement, the 
length, relation to each other, and the general manner of development of the 
several claims on three of the most important lodes of the district. Espe- 
cially the Bobtail and portions of the Burroughs are striking illustrations of 
the disadvantages of subdividing such veins as these into short, independent 
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claims, involving for each the necessity of sinking expensive shafts, providing 
hoisting works, and sustaining separate organizations for management or 
superintendence. 

Narragansett.—The first of the above-named companies, the Narragan- 
sett, own 400 feet of the lode, and have opened their mine to the depth of 450 
feet. The greater part of this work was done several yearsago. Costly hoist- 
ing works and crushing machinery were provided at the mine, but operations 
were suspended in 1866, as the results then obtained were not satisfactory. 
This condition, it is said, was chiefly due to the want of an efficient method 
of treating the ores. In 1868 work was resumed by parties who leased the 
property, and the main shaft was sunk an additional hundred feet. It is said 
that encouraging results were obtained, but about this time the work on the 
Bobtail lode was suspended, and such is the connection between the two 
veins that the water of one affects the other. As the pump on the Bobtail 
ceased to drain that lode, the water increased so much in the Narragansett 
that operations were again suspended. ‘The mine was therefore inaccessible 
to the writer. The work represented in the accompanying section is in ac- 
cordance with statements made to the writer by several parties somewhat 
acquainted with the mine, but more stoping has probably been done above 
the lower levels than is dicated in the sketch. 

Consolidated G'regory.—The Consolidated Gregory Gold Mining Company 
own 500 feet of this lode, working as one mine what was formerly divided up 
into several short, independent claims. The mine is opened by three shafts, 
of which the central one is the chief, having reached the greatest depth and 
being fitted up in the most substantial manner, provided with pumping and | 
hoisting machinery and other facilities for permanent and extensive operations. 
This shaft was begun from the surface by the Consolidated Company, and has 
reached a depth of over 400 feet. The east shaft, sunk by the former owners, 
was abandoned by the new company as a means of working, and only kept 
open for ventilation. The west shaft is used for hoisting, the power for that 
purpose being transmitted from the machinery at the central shaft. The first 
level is at a depth of 230 feet below the mouth of the central shaft; the 
second level is 70 feet lower, and the third level is 60 feet below the second. 
The good ground, in the upper portion of the mine, has been pretty much 
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worked out, but, when seen by the writer, there were reserves of consider- 
able extent in the lower levels. The vein in the bottom of the mine was 
looking very well, being from eight to twelve feet wide in the third level and 
carrying a strong seam of solid ore, as well as a wide belt of good stamp- 
rock. This mine usually sends all its ore to the stamping mill without 
selection of the first-class. According to the statement of the mining captain, 
about three-fourths of the entire vein-matter is fit for crushing, of which one- 
tenth part would be suitable for smelting, if desired. The average product 
of all that is sent to stamps is stated at six ounces of retorted amalgam per 
cord, equal to $12 or $15, in coin, per ton. The present owners of the mine 
are developing their property with a view to permanent operations and eco- 
nomical management. The central, or main, shaft has been sunk vertically 
to its present depth, and timbered up in a very substantial manner. It is 6 
feet wide by 11 feet long, in the clear, divided into two compartments, one 
for hoisting and the other for pump and ladder-way. It is timbered from top 
to bottom with 8-inch and 10-inch squared timbers, framed in sets that are 
placed three feet apart vertically. The ground through which the shaft 
passes is sufficiently firm to allow of sinking for 50 or 60 feet without sup- 
port, so that the timbering can be put in from below upward. When a 
suitable depth has been reached to make timbering desirable, a firm support 
is afforded for the first or bottom set by cutting the necessary “ hitches” in 
the solid rock and heavy timbers are put in place across the shaft, resting on 
the foundation thus provided. When the first set, consisting of the two end 
pieces and two wall-plates, framed together at the corners, is in place, the 
cross-timber for the partition resting in gains cut in the larger pieces, the 
posts or studs, three feet high, are raised at the corners and in the middle, 
opposite the partition, and on these the. succeeding set is laid. Lach set, 
when in proper position, is strongly secured by spiling, or wedges, driven in 
firmly between it and the wall-rock at each corner and opposite the partition 
timbers, so that it is immovable, independently of other support. The tim- 
bering of the shaft is cased with plank on the outside, and the space between 
this and the wall-rock, when everything is completed, is filled with waste- 
rock. The hoisting compartment is likewise lined with 2-inch plank inside, 
to facilitate the passage of the hoisting bucket. 
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In the pumping compartment there is an excellent ladder-way, with plat- 
forms about 15 feet apart. The pump consists of an 8-inch plunger, placed 
at 230 feet below the surface, with a 9-inch column of cast-iron pipe above 
it, reaching to the surface. Below it is a lifting pump, reaching to the bot- 
tom of the mine; the latter consisting of the working barrel, with the wind- 
bore attached below, and sufficient length of pipe above to reach the cistern 
of the standing pump, higher up, is suspended in the shaft by means of a 
chain, that is attached to a stout screw, six or eight feet long. The screw 
passes through a nut, which rests on a stout and firmly-secured timber. By 
turning the screw, the whole of the sinking pump apparatus may be lowered 
as the sinking of the shaft proceeds, and the wind-bore thus kept at the very 
bottom, additional pipe being added at the top as it becomes necessary in the 
progress of the work. | 

The wind-bore is a very heavy casting, two inches thick, perforated with 
inch holes, and is sufficiently strong to stand the blows of the rock that may 
be thrown against it during blasting, without any protection. 'The working 
of the pumps is effected by means of a pump-rod, operated in the usual way 
by machinery at the surface. The rod is an 8-inch square timber, joined by 
bringing the squared ends together, without splice or scarf, and secured by 
straps of iron on two sides, eight feet long, four and a half inches wide, and 
five-eighths of an inch thick, and bolted through with inch bolts. The en- 
gine at the surface, used for pumping at this shaft and for hoisting at both 
shafts, is a plain horizontal cylinder, 14 inches in diameter by 26 inches 
stroke, supplied with steam by one flue boiler. 

Hoisting is done with a bucket. The winding apparatus is driven by 
belting. As this method of hoisting is in general use in Colorado a some- 
what detailed description of it here may serve as an example. ‘The contriv- 
ance is very simple, and, though not well adapted to deep shafts or heavy 
work, it answers its purpose very well in shallow mines, and gives much 
satisfaction. The general method of arrangement is indicated in Figs. 1 and 
2, on Plate XXXI. 

The drum, or spool, A, on which the rope is wound, is placed near the 
mine shaft, so that the rope passes from it over a pulley, b, and thence down 
the shaft. This spool, about 4 feet in diameter, is fixed on an iron shaft, c, 
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having at one end a pulley, d, of somewhat larger diameter, and, at the other 
end, a brake-rim, e. Motion is communicated to the pulley d, by means of 
a driving pulley, directly beneath it, and an 8-inch belt, g. This belt is slack 
and imparts no motion to the spool unless the tightener, h, be applied to the 
belt, by means of the lever 7, which is done by the attendant, standing at 
the mouth of the shaft, whenever it is desired to hoist a bucket from the 
mine. On withdrawing the tightener the spool is held firmly, or its reverse 
motion is controlled, by means of a brake, which is a 44-inch iron band, en- 
circling the spool at the rim, e, and applied by the lever 7, as indicated in 
the drawing. The pulley, by which the belt g, is driven, is on the same 
shaft with, and concealed from view by, the pulley 4, to which motion is 
communicated by the belt /, from the pulley m, which receives its power 
directly from the engine. The pulley m, drives a long shaft, n, extending 
from the building in which the machinery is inclosed to the other shaft- 
houses of the mine, where winding apparatus of similar character is set in 
motion in the same manner as that just described. Power is sometimes 
transmitted in this way a distance of several hundred feet, from an engine to 
a remote shaft-house. 

A detailed statement of the costs of sinking and timbering these shafts 
is not in the possession of the writer, nor is such information readily obtained 
in Colorado, as but little attention is paid to the classification of accounts or 
analytical statements of the varied expenses of mining rock. Labor is gen- 
erally employed by the day at $3 50, in currency, for miners, and from $4 
to $6 per day for mechanics. Drifting, on contract,—the miners furnishing 
their own supplies, except steel,—costs from $15 to $20 per foot; sinking $25 
to $55 per foot. The west shaft, being carried down 6 feet by 10 feet, cost 
$27 50 per foot; the central shaft 8 by 13 feet cost at first $45 and later 
$55 per foot. Square timber and lumber cost $35 per 1,000 feet, board 
measure. The owners of this mine have recently built a large mill contain- 
ing 50 stamps, which commenced operations late in 1868. The average yield 
of the ore has been already stated, but the writer was unable to obtain any 


detailed statement of the mill’s production. 
Black Hawk—TVhe claim adjoiming the Consolidated Gregory on the 
east is 300 feet in length and is owned and worked by the Black Hawk Gold 
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Mining Company. The same company own other claims on the same lode, one 
of them 200 feet in length, about 1,200 feet further west, between the Narra- 
gansett mine and the Mammoth lode; the other 250 feet in length, about 1,000 
feet further east, on the eastern extension. They also own, as already stated, 
76 feet on the Bobtail, now lying idle, besides some less developed property 
in the region; but their work at present is concentrated on the 300 feet of 
the Gregory first referred to. 

There are three shafts, one central and one near each end of the mine. 
Of the two latter the westernmost has been abandoned, so that operations are 
carried on only through the other two, which in August, 1869, had reached a 
depth of 576 and 531 feet. In the northeastern part of the mine the vein, at 
a depth of about 300 feet below the surface, is divided into two branches, 
which are generally considered, although the connection had not been actually 
traced, as the same branches that in the claims further east are distinguished 
as the Gregory crevice, on the northwest side, and the Briggs crevice, on the 
southeast side. The line of junction of these branches appears to be between 
the eastern and the central shafts, occurring, as has already been said in the fore- 
going, further and further west as the depth increases. ‘Thus, all the ground 
in the upper portion of the mine and for the whole depth west of the central 
shaft has been worked as one vein, while below a depth of 250 or 300 feet, in 
the eastern portion, the two branches have been recognized. It should be 
observed that in the eastern, lower portion of the mine, where the Briggs has 
been chiefly worked, the Gregory is small, poor, and so far not worked. 

The general course of the Gregory or main crevice on this property is 
north 45° to 47° east, true, while that of the Briggs, near its point of diver- 
gence from the Gregory, is north 50° to 52° east. ‘The dip of both branches 
is southeasterly, though not deviating far from the vertical. The average 
width is three or four feet, though in the western part of the mine, where appear- 
ing as one crevice only, it expands in places to twelve or fifteen feet. The pay- 
ground, as already shown, consists usually of a solid seam of pyrites, with a 
course of vein-matter impregnated with the same. The compact seam is fre- 
quently two or three feet wide. The whole of the vein-matter is usually 
taken out and crushed together in the stamping mill, yielding, it is said, from 
$20 to $25 per ton, in coin. The bottom of the mine, where accessible, was 
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showing an excellent seam of ore. The mine has been worked almost alto- 
gether by underhand stoping, and nearly all the ground known to be produc- 
tive has been taken out. The shafts are now being sunk in the hope of get- 
ting ground opened in advance of the demands of the mill. The manager 
and captain of the mine are experienced men in their business, and appreciate 
the advantages of regular and systematic mining, but when money is needed 
and must be produced by the mine, the ore must be taken out with less regard 
for economy in the future than for the pressing necessities of the present. 

During 1867 the mine was worked very profitably, as will be seen further 
on, but the production was stopped almost entirely in January, 1868, by the 
breaking down of the pump. Previous to that time the water, of which there 
was and is a great deal, was removed by a small and overworked pump that 
finally gave out entirely and suffered the mine to fill up with water. During 
the first half of 1868, the principal work done was to obtain and put in place 
anew and efficient pump. This was accomplished in August of that year. The 
pump is the largest and most costly of any in the Territory. It is established in 
the central shaft and consists of two 14-inch plungers, or force-pumps, one at 220 
feet, the other at 440 feet below the surface. A draw-lift pump is attached 
below the second plunger. The column is 15 inches in diameter, and is made 
of riveted iron plate, one-fourth of an inch thick, like those in use in Cali- 
fornia and Nevada. The pipe of the. column is made in sections 15 feet long, 
with a stout cast flange at each end, by which they may be connected together. 
The working-rod is an 8-inch square timber, in sections about 30 feet long, 
joined by splice similar to that shown in Fig. 6, Plate IX. 

The shaft, which is sunk vertically to a depth of 220 feet, inclines at that 
point at an angle of 86°. Inorder to accommodate the pump-rod to this change 
in direction, the continuation of it,is clamped to the vertical part in manner shown 
in the figure. ‘The main or vertical rod passes through guides below the joint 
in order to prevent vibration and to counteract the lateral force exerted by the 
inclined portion of the rod. 

The pump runs on a five-foot stroke and makes five strokes per minute. 
It is operated by means of a “bob” and driving-wheel at the surface in the 
usual way, but the power is transmitted to the pumping-gear from the engine 
at the eastern shaft, which is between 100 and 150 feet distant, by means of 
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line-shafting. 'The engine, which is used for hoisting at both shafts and for 
driving a 20-stamp mill, communicates its power by means of a pulley and belt 
to a 4-inch shaft, which is extended, with diminished diameter, in the direction of 
the pumping shaft; but as the latter is higher up the hill, some 30 feet or more, it 
is necessary to disconnect the line-shaft twice, belting upward, in each case, to 
connect the detached parts. From this line-shaft the power is transmitted to 
the pump-gearing by means of a pulley and belt. This arrangement is said 
to work satisfactorily by the engineer in charge, but such a method of driving 
a pump of so large dimensions and required duty as the one just described is 
not to be recommended. The shafting is liable to get out of line, involving not 
only the necessity of repairs, but an interruption in the raising of the water. 
Powerful tighteners are required on the belts, and when the engine is running 
stamps and hoisting too, the pump works very irregularly. The pump was 
built by Hodge & Christie, of Detroit. Its cost for all the iron work was 10 
cents per pound at the shop; freight to the mine 9 cents. The total costs of 
providing and placing the pump and its appurtenances, not including any part 
of the engine, is stated at $33,000. The engine used for pumping, hoisting, 
and running the 20-stamp mill is a plain horizontal cylinder of 20 inches 
diameter by 42 inches stroke, supplied with steam by two boilers, 16 feet long 
by 4 feet diameter; burning about five cords of wood per day. 

Hoisting is done by iron buckets, containing about 800 pounds of rock. 
The winding apparatus is similar to that already described on the Consolidated 
Gregory, and is operated by means of belting, set in motion by the applica- 
tion of a tightener, and controlled, in lowering, by a brake. 

There are two stamp mills belonging to the company, one containing 20 
stamps set up at the mouth of the eastern shaft, and run by the same en- 
gine that does the pumping and hoisting; and one containing 60 stamps 
located in the town of Black Hawk, near the mouth of Chase Gulch. The 
machinery and methods of operation employed in them will receive attention 
further on when the general treatment of the ores of the district will be 
described. 

Owing to the lack of statistical information on the subject the writer is 
unable to furnish such minutely detailed statements as are desirable concern- 
ing the costs of operation, the yield of the ore, and the production of the mine. 
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The following data, however, furnished by the superintendent, Mr. Congdon, 
from the company’s books, and reliable so far as they go, give some general 
results. 

During 1867 the product of the mine was 12,1932 ounces of crude bull- 
ion, yielding in currency $279,647 76, or $22 81 per ounce. The number of 
cords or tons from which this product was obtained is not stated, but the yield 
of the rock at that time is said to have been 10 ounces of bullion to the cord. 
Assuming this to be correct, the quantity worked would have been 1,220 cords, 
_ which, at a trifle more than eight tons to the cord, would be equal to 10,000 
tons. On this basis the yield of the rock would have been $27 96 per ton, 
in currency, or $20 11, in coin, allowing the average value of the ounce of 
amalgam to be $16 50. The yield of 10 ounces of bullion to the cord is much 
higher than that now obtained, and is perhaps overstated. Another method 
of arriving at the quantity is by considering the average amount treated 
weekly, which is stated at about 32 cords. This in fifty weeks would amount 
to 1,600 cords; and allowing seven and a half tons to the cord, which is, per- 
haps, more nearly correct than eight tons, we have a total of 12,000 tons of 
ore, of which the yield per ton would be $23 30, in currency. 

During this period the costs were as follows: 
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194, 425 63 


If the quantity of ore produced was 12,000 tons, the cost of mining was 
$11 48; of milling, $3 33; of teaming, $1 44; and of all the foregoing 
together, $16 20 per ton, in currency. 


The total Prodiet) beimetiis 01. 2. Se deol. Syoec ean ee $279, 647 76 
And the above imamled e0stso-k 2 o-bUss-e See cee eeseck tk 194, 425 63 


The excess of yield over costs was..--.-.-.--.---------+-- 85, 222 13 
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During the latter half of 1868, when overations were resumed, there 
were produced 3,9423%; ounces of amalgam, worth $88,379 82 in currency. 
If the quantity of ore be assumed in about the same proportion to the pro- 
duct as in the former case—that is, say, one ounce of amalgam per ton—we 
have 3,942 tons, producing $22 42 per ton in currency. 

The costs during the same period were, for mining expense, $45,206 86, 
and for teaming expense, $6,441 42; which, assuming the quantity to be as 
above, are equal to $11 52 per ton of ore for mining, and $1 63 per ton for 
hauling. Milling expenses during that year were a little more than counter- 
balanced by the profits derived from working custom ores; the actual costs, 
however, were not less than $20 per cord, or $2 66 per ton, making a total 
of $15 81 per ton, exclusive of office expense and interest. Judging from 
the data given below concerning the operations of 1869, the number of tons 
above given is too small. By increasing this number, the yield per ton and 
the cost of working per ton will be correspondingly decreased. 

During the first half of 1869 there were produced 3,177 ounces of re- 
torted amalgam, worth $65,755 94, in currency. The quantity of ore is stated 
at 6223 cords, equal to 4,670 tons. ‘The average yield per cord is 57; ounces 
of retorted amalgam. During this period the mining expense was $37,833 80, 
and the teaming expense $2,899 70. Accepting 4,670 as the number of tons 
worked, we have a mining expense of $8 10; of teaming, 62 cents; and esti- 
mating milling, as before, at $2 66, we have a total cost for the above items of 
$11 38, and a yield per ton of $14 08 in currency. 

Briggs—TVhe Briggs Gold Mining Company’s property adjoins the Black 
Hawk on the east. ‘The mine is 250 feet in length and opened by two shafts, 
one of them 71 feet from the east line, the other 51 feet further west. Both 
are sunk on what is considered the Gregory crevice, but the southeastern 
branch of the vein, the Briggs, has been worked to a greater depth and yielded 
a larger amount of ore than the Gregory. On the eastern end of this pro- 
perty the two branches are near together at the surface, diverging, however, 
slightly in depth. Horizontally, the branches are found to diverge between 
the two shafts, the line of junction dipping westward, so that, as has been 
already shown, at a depth of 300 feet the division of the vein into two parts 
occurs on the Black Hawk property. 
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The course of the Gregory crevice is about north 45° east; that of the 
Briggs north 55° east, true. Both branches dip slightly to the southeast. 
Near the surface the two branches are said to have been worked as one vein, 
but being now entirely filled with old stulls and waste-rock, no opportunity iS 
afforded for studying their relations to each other. At the depth of 100 feet 
or thereabouts they are worked separately from the point where they diverge, 
leaving the tongue or wedge of barren country-rock standing between them. 

The Gregory crevice is worked to a depth of 130 feet for the whole 
length of the property, and below that has been found rather unpromising, 
while the Briggs, on the eastern part of the ground, has been worked to the 
depth of more than 400 feet and found very productive. 

The Briggs Company have a large mill, containing 50 stamps, located on 
the mine between their two shafts, so that the ore is delivered for treatment 
with the least possible expense for handling. The power for driving the mill 
is also applied to the hoisting and the other necessary work of the mine, and is 
furnished by a steam-engine of 22$ inches diameter of cylinder. Steam is 
supplied by two tubular boilers. The hoisting power is communicated by 
belting to the winding apparatus, which is, in most respects, similar to that 
already described. 

This mine is said to have been one of the most productive and profitable 
of any in Colorado. It has, however, suffered some embarrassments, and in the 
summer of 1868 had, after a period of idleness, resumed operations under dif- 
ferent owners. The production had therefore been suspended, the mill being 
worked on custom ore. Since that time it is reported as having been worked 
very successfully. 5 

The average value of the first-class ore produced by this mine appears 
from 136 tons sold, during the first half of 1869, at the Smelting Works, con- 
taining 54 ounces of fine gold and 103 ounces fine silver to the ton. During 
seven months of 1869 the product of the milling rock of this mine was about 
$55,000. The total product, including smelting ore, was $70,000 currency, 
or about $10,000 per month. ‘The mine is reported to be steadily improving 
in productiveness and profitable operation. 

Smith and Parmelee—The Smith and Parmelee Gold Mining Company 
own and work the next adjoining mine on the east, claiming 300 feet on the 
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so-called Gregory crevice and 800 feet on the Briggs. Both veins, or 
branches of the same vein, are worked by this company for the distance of 
about 250 feet, measured from the Briggs claim, beyond which neither has, so 
far, been found very productive. The Gregory branch has been worked to 
the depth of about 150 feet, below which it has not been much developed, the 
work having been chiefly confined in depth to the Briggs branch. This lat- 
ter has been worked to a depth of more than 550 feet, and has furnished 
by far the greater portion of the whole product of the mine. It is on this’ 
property that the divergence of the two branches is so far found to be the 
greatest, but little being known of their relations to each other further east. 
In the crosscut, at a depth of 240 feet, they are 72 feet apart. The two 
branches maintain on this property the courses observed further west with 
considerable regularity, that of the Gregory being generally north 45° east, 
and that of the Briggs north 55° east, true; but so far as observed, that is to 
a depth of 150 or 160 feet, they have a more divergent dip, that of the Greg- 
ory being about 80° to the northwest, while that of the Briggs is generally 
about 80° to the southeast. 

The Briggs has received the most development. Its average width is 3 
or 4 feet. Its walls are not always well defined. The filling of the vein is 
generally similar to that already described. Seams of solid iron and copper 
pyrites, chiefly the former, occur with belts of quartzose and feldspathic mate- 
rial, carrying ore more widely distributed through the mass. In the bottom 
of the mine, where, by reason of the underhand stoping and lack of reserve 
ground, the only opportunity is afforded of seeing the ore-vein in place, there 
was a strong seam of iron and copper pyrites visible at the time of the writer’s 
visit. The mine for some time past has been producing at the rate of 600 or 
800 tons of ore per month for stamping, besides a small proportion of first- 
class, of about the same quality as the first-class ore of the Briggs Company. 
The milling ore is said to produce six ounces of crude bullion to the cord, 
worth $100 in coin, or $13 to $14 coin per ton. The costs of mining and 
milling are stated at about $12 in currency per ton. 

The mine is provided with a 25-stamp mill, conveniently placed at the 
mouth of the shaft. It has been rebuilt within the past year and has great 
advantages for economical work. The engine in the mill furnishes power for 
hoisting and pumping from the mine. 
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Beyond the Smith and Parmelee is the claim of the New York Gold 
Mining Company, on which a shaft has been sunk between 200 and 300 feet 
in depth. The claim, however, is disputed by the Smith and Parmelee. 
Nothing has been done on it for some time. Still further east are other 
claims, covering several hundred or a thousand feet, but not yet much devel- 
oped. 

Bates Lopr.—The Bates lode is several hundred feet northwest of the 
Gregory, and nearly parallel to that vein, or rather to the so-called Briggs, 
having, so far as observed by the writer, a nearly identical course with the last 
named, north 55° east, true. It is traced on the surface down the northern 
slope of Gregory Hill, across Gregory Gulch, and over the hill dividing the last 
named from Chase Gulch. It has been opened and worked to a considerable 
depth for about a thousand feet in length, and claims are located on it for a still 
greater distance. On the lower part of Gregory Hill, where it is commonly 
known as the Bates-Hunter lode, there are several short claims that have been 
worked by private parties; one of these claims, 160 feet in length, belong- 
ing to Borem, Mellor & Company, has been worked by them to a depth of 
100 or 200 feet, producing excellent milling ore at a handsome profit to the 
men engaged in it. 

Further to the northeast, the Rocky Mountain Gold Mining Company 
have a claim of 250 feet, located just in the bed of the Gregory Gulch, on 
which they have sunk three shafts to the depth of 200 or 300 feet, having on 
the surface a liberal provision of hoisting and pumping machinery, compris- 
ing an excellent engine of 40 or 50 horse-power, with boilers and winding 
apparatus. 

Union.— Adjoining their claim on the east is the Union mine, 300 feet in 
length, and worked to a depth of 350 or 400 feet. The vein is 5 or 6 feet 
wide, on anaverage, but expanding sometimes to 15 or 20 feet, and pinching 
up in places to afew inches. In general, however, it appears in the Union mine 
to be one of the strongest and most uniform lodes in the Territory. The 
mine has been opened by two shafts, of which the western is the deeper and 
the main shaft; the other is not in good working condition, and is only use- 
ful as a ladder-way and air passage. The mine has been pretty thoroughly 


worked out to a depth of 250 feet, but, when visited by the writer, had more 
66 
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ground opened and available for stoping than is usually found in the produc- 
ing mines of the district. The vein, where passed through by the shafts, had 
been found generally small, but the levels driven in either direction from the 
shaft had cut good bodies of ore. In the first level, 150 feet below the sur- 
face, east of the eastern shaft, where the vein was standing, there was a seam 
of solid ore, consisting of iron and copper pyrites; this was near the north 
wall, and separated from it by a gouge or selvage of soft clay, some six inches 
thick. Between the seam of pyrites and the south wall, the vein, 4 or 5 feet. 
thick, was filled with good milling ore, consisting of siliceous, feldspathic 
matter, thickly impregnated with pyrites. This character of pay-ground was 
continuous to the end of the drift, some 60 or 70 feet in length. In the 
lower levels, in the eastern portion of the mine, the vein was smaller, and 
had the appearance of being somewhat disturbed. West of the shafts the 
ground has been worked up to the line of the adjoiming company, and, as is 
claimed by the latter, beyond the line, which has caused some litigation. In 
the bottom the vein maintains its average width, carrying two seams of com- 
pact ore, a foot apart, and 18 inches wide in the aggregate, the space between 
being filled with good milling ore. The ore of this vein carries a much larger 
proportion of galena and zincblende than either the Gregory or the Bobtail, 
though the predominating mineral is the iron and copper pyrites, and chiefly 
the former. ‘The main shaft of this mine is being carried down in a work- 
manlike manner, substantially timbered with square sets, generally similar to 
that described in the Consolidated Gregory. ‘The machinery on the surface 
is a small portable engine, having a 6-inch cylinder, used for hoisting; the 
winding apparatus consisting of the drum operated by belting and controlled 
by brake, in the manner common in this region. The company have a 20- 
stamp mill in Chase Gulch, about a half mile from the mine, in which the 
lower-grade rock, or that of second quality, is crushed and subjected to the 
common process, while the higher grade, or first-class ore, is selected for 
treatment by other methods. This is said to contain about 5 or 6 ounces of 
fine gold and 20 ounces of silver to the ton, worth from $120 to $140, in 
coin. Concerning the yield of the rock, or detailed costs of operations, but 
little definite information was found available. 'The low-grade ore is said to 


yield, in the ordinary stamping process, from 4 to 12, averaging probably 5 
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or 6, ounces per cord, or $12, coin, per ton. Concerning costs of production, 
it is said by the president of the company that the whole expense of operation 
is more than paid by the product of this low-grade rock, leaving value of the 
first-class ore asa surplus of profit to the company. 

The Bobtail, Gregory, and Bates lodes have been described as haying 
convergent courses, which, if continuous, would lead them all to a union with 
Mammoth lode. This vein extends in an east and west direction, from 
near the western terminus, so to speak, of the Bobtail lode. It has been 
traced thence for a distance of 2,000 or 3,000 feet, and is covered by mining 
claims, on which work has been done, with some success, near the surface, 
but not generally below a depth of 200 feet. The deepest of the several 
mines on the lode is that managed by Judge Morse, of Central City, which 
is located near the assumed point of the junction of the Gregory with the 
Mammoth. Several shafts have been sunk on this vein, one of them over 
300 feet, finding a large vein, but filled with iron pyrites that is almost en- 
tirely wanting in the precious metals so commonly associated with this min- 
eral in Colorado. Not much drifting has been done in depth, so that but 
little is known of the lode except as revealed by the sinking of the shaft. 
Extending the line of this lode in a westerly direction, but a little distance 
beyond the point to which it has been traced, and crossing Spring Gulch, we 
come to Quartz Hill, which has been, and still is, the scene of active mining 
enterprise. This hill has a general east and west trend, forming the divide 
between Nevada Gulch, on the north, and the Illinois and Leavenworth 
Gulches, feeders of Russell Gulch, on the south. On the east it is drained 
by Spring Gulch, which, uniting with Nevada Gulch, just above Central 
City, becomes thus a feeder of Gregory Gulch, about a mile above its junc- 
tion with North Clear Creek. The hill, in that part most occupied by min- 
ing operations, rises to an altitude of 600 or 700 feet above the level of the 
streams at its base. These several gulches were the sources of large quan- 
tities of gold in the early days of placer mining in these regions, and some of 
them continue to yield liberally, under the simple operations of sluice mining. 
The rich character of the washings of the surface naturally led to the pros- 
pecting of the hill for the deeper sources of the metal, and many lodes have 
been discovered, some of which have been developed to a greater depth than 
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any others in the Territory. The lodes inclosed in this hill have generally a 
nearly east and west course, with a nearly vertical dip, but inclined shghtly 
toward the south, closely resembling the Bobtail lode in these respects. The 
country-rock of the hill is essentially the same as that already described fur- 
ther east. It generally has the features of gneiss, though often quite granitic 
in character. The veins average perhaps somewhat less in width than those 
that have been already described, but they are regular, well-defined, and 
equally promising as to permanence. ‘The ores have the same general char- 
acter, with some differences that will be noticed below. Among the many 
lodes that have been opened and partially developed the best known are the 
Burroughs, Kansas, Gardner, and Illinois, on that part of the hill that has 
been longest known and worked to the greatest. depth, while further west are 
the Flack, American Flag, California, and others, which are of increasing 
importance. ‘The ores of these latter are distinguished by the large propor- 
tion of argentiferous galena, zincblende, and silver sulphurets that are associ- 
ated with the iron and copper pyrites, giving them sometimes a high value in 
silver, but rendering difficult or practically impossible the extraction of the 
gold by any simple process yet available. Some of the more prominent lodes 
of Quartz Hill will be described in the following pages, selecting for pur- 
poses of illustration one or more of the leading or characteristic mines that 
are located on them. 

Iuuinors Lopr.—The Illinois lode is traced along the north side of the 
hill, not far from its crest. The principal developments on it have been made 
in the North Star mine, owned by a company in Chicago, and managed by Mr. 
George Mitchell. This mine was worked by the company referred to until 
1869, when it became involved in financial difficulties, and operations were 
embarrassed, if not suspended. ‘The mine was opened by two shafts, one of 
which was sunk to a depth of 234 feet, and at 160 feet below the surface a level 
was driven over 700 feet in length. Earlier owners, who had taken off the 
“top quartz” and obtained a good deal of gold from the surface diggings, had 
sunk three shafts to the 160 foot level, but as the ground passed through was 
not particularly rich, and the ores found were more refractory than the sur- 
face product, the work had been abandoned, until again resumed by the new 
company, who carried the level eastward, and sunk the eastern shaft to the 


al — an 


ae ee ee es 


GOLD MINING IN COLORADO. 525 


depth just named. From these developments the vein appears to have a 
course of north 60° east, true, though its average course for a longer distance 
than that observed is said to be more to the eastward, and thus more nearly 


parallel with the other neighboring lodes further south, that trend north 85° 


east. Its dip is to the south 84°, and so far as sunk upon is very regular. 
The average width is about two feet, frequently expanding or contracting to 
greater or less dimensions. Its walls are generally smooth and well defined, 
sometimes polished, grooved, or striated, showing indications of movement. 
Usually there is a soft “‘ gouge,” or seam of clay between the walls and the 
filling of the vein. The latter is chiefly quartz; sometimes white, hard, and 
amorphous, carrying little or no valuable mineral; sometimes showing a sparse 
distribution of crystallized iron pyrites throughout its mass; but most com- 
monly the vein-matter is a mixture of siliceous and feldspathic material, in 
which occur small seams or scattered particles of pyrites, making a very fair 
quality of stamp-rock, and, as in the other veins already described, associated 
usually with a narrower but solid seam of compact pyritous ore. The latter 
is from two or three to ten or twelve inches thick, and furnishes a small pro- 
portion of smelting ore. This proportion appears, from all available data, to 
be between one-twentieth and one-tenth of the whole number of tons pro- 
duced. The valuable mineral in the vein consists chiefly of iron pyrites, with 
a lesser proportion of copper pyrites and, as a characteristic feature, some 
arsenical pyrites; with these are associated some zincblende and galena. The 
yield of this ore in silver is shown by the assays of Professor Hill to be larger 
than is usual in the pyritous ore veins of the district, the average of 42 tons 
sold by the mine at the Smelting Works, during the summer of 1868, being 
about four ounces of fine gold and twenty ounces of fine silver to the ton. 
The yield of stamp-rock during a run of thirty-four weeks in the summer of 
1868, when 200 cords, or 1,500 tons, were supposed to have been treated, 
was 1,538 ounces of crude bullion, or about one ounce per ton. The average 
value of the ounce of this bullion is stated at $15 50, coin. 

The filling of the vein is generally soft, so that much of it may be 
removed with a pick, requiring comparatively little blasting. This facilitates 
considerably the working of the ground, both drifting and stoping being done 
for somewhat lower prices than in the majority of the veins in the district. 
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The present openings of the mine are near the west end of the property. 
Several shafts were sunk there by the earlier owners, only two of which have 
been adopted by the present management as the means of working the mine. 
Of these the westernmost is about 75 feet from the west boundary; the other, 
the east shaft, about 130 feet further east. The first level at 160 feet depth 
passes through good ground, some productive stopes having been worked 
above it, while the second level, 60 feet deeper, was just being opened when 
visited by the writer; an excellent vein of ore was said to have been opened 
in this level and in the bottom of the shaft, but it was under water at the time 
referred to, owing toa temporary interruption of the hoisting work. The North 
Star Company assumed the management of the property in 1866 or 1867, and 
devoted the first year or something more to putting the mine in shape for per- 
manent and systematic working. The two shafts required straightening, en- 
largement and retimbering, and as the mine had no productive ground then 
opened and ready for stoping, a considerable outlay was required in preliminary 
work. Hoisting and stamping machinery was needed, and as this was provided 
on a liberal scale and with a view to extended operations, the expense in- 
curred was large. Meantime the product of the mine was little or nothing, 
and as the capital furnished by the company was hardly adequate to the exe- 
cution of the plans proposed, the work has constantly been-embarrassed. 

The two shafts are well timbered up, divided into two compartments, one 
for a ladder-way, the other for hoisting. 'The levels are provided with tram- 
ways and wagons; the stoping is carried on overhand; the broken rock is first 
assorted on the stulls, so that whatever is too poor to pay for hoisting is left 
underground, while the ore is dumped into chutes, or “mills,” constructed at 
convenient intervals along the level, and thence is loaded into the tram- 
wagons without handling or shoveling, and so moved to the hoisting shaft and 
dumped into the bucket or “skip.” This last-named contrivance, which is a 
self-discharging apparatus, is illustrated in Fig. 8 on Plate XXXII. 

The body of the skip, S, is a rectangular vessel, or bucket, made of boiler- 
plate, and capable of holding about 20 cubic feet of ore or water. Moving in 
the shaft it is carried in an upright frame consisting of two sides, a, a, and two 
cross-pieces, b, b. The sides of this frame are bars of wrought iron, the lower 


ends of which are so formed as to furnish support to the lower cross-piece, 0, 
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which is a smooth, round shaft. The upper ends of the sides, a, a, are con- 
nected by two short pieces of chain with the cable, by which the whole is sus- 
pended. The upper cross-piece, }, is a spreader of wood, protected on the 
outside by a bar or plate of iron. The frame moves in the shaft between 
guide-rods, ¢, c, which are embraced by flanges, d, d, on the sides of the 
frame. The body of the skip, when in an upright position, is supported by 
the lower cross-piece, 5, to which it is attached by means of boxes, e, é, and on 
which it may turn freely when it arrives at the dump. A wheel, W, made 
with a broad face and deep flange, is attached to each side of the skip, and, 
moving in the space between the guide-rod, C, and the shaft-timber, F, they 
hold the skip in an upright position in the shaft, but on reaching the dump 
the wheels enter the groove G, allowing the top of the skip to fall forward 
while the bottom is raised in the frame, assuming the position shown in the 
left-hand figure. If the frame be raised still further the skip goes on in an 
inverted position, the wheels bearing upon the surface indicated by the line 
2 2, but on being lowered again below the level of the dump, the skip resumes 
its upright position without any aid, and continues on its way down the shaft. 

Water is raised, by the same skip, from the sump at the bottom of the 
shaft, as no pump has yet been provided. In order to discharge the rock and 
water at different dumps, a switch, H, is provided, which may be fixed in the 
position shown in the left-hand figure, or moved, by means of a rod, , into the 
position indicated by dotted lines. In the former case the wheels of the skip 
enter the groove G, at the lower dump; while in the latter case they pass 
upward to the groove G’, at the upper dump. 

The surface works of the mine consist of hoisting machinery, command- 
ing both shafts, and a crushing mill containing 22 stamps. These appur- 
tenances are so placed that the power required for their operation is furnished 
by one engine. Both shafts are covered by spacious shaft-houses, connected 
by an intermediate building, in which are the smith and carpenter shops, office, 
and room for selected or smelting ore. 

The drawing on Plate XXXII presents a plan of the hoisting works, 
showing the arrangement of the winding machinery. The stamp mill, not 
shown in the drawing, is west of the hoisting works and driven by the same 
power. 
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The hoisting machinery consists of an engine, of which the cylinder is 
154 inches in diameter by 36 inches stroke, to which steam is supplied by one 
tubular boiler 14 feet long by 52 inches in diameter. Power is transmitted 
from the main engine shaft by a pulley and belt (not shown in the drawing) 
to the stamp mill, while the winding apparatus is operated by a combination 
of toothed gearing and friction. A section of the winding-spool, showing the 
method of applying the friction, is shown in Fig. 2 on the same plate. The 
spool or drum consists of two interior end pieces, @, a, of cast iron, circular in 
form, having a hub at the center and a flange, c, c, at the circumference, to 
which the staves, 0, b, are bolted, as shown in the drawing. A cast-iron rim, 
d, d, is put on the outside of the spool, to give additional security to the staves 
and to provide projecting flanges between which the rope may be wound on 
the spool. Thus constructed, the spool is supported on the spool shaft #, and 
is free to turn in either direction. It is placed between two friction-flanges 
F’, F, likewise circular in form and provided at the periphery with a >-shaped 
groove. ‘The ends of the spool-staves have a corresponding form so that they 
may fit into the grooves of the flanges. These latter are attached to the spool- 
shaft, EL, by a feather, on which they may be moved toward or from the spool. 
In the former case the flanges, pressing against the ends of the spool, impart 
to it the motion of the shaft, winding the rope and raising a load from the 
mine; while in the latter case, the pressure being relieved, the spool is free, 
and may be reversed for lowering the skip, or may be held firmly by means 
of the brake-band, g. The flanges are pressed against the spool by means of 
two rods, h, h. The ends of the spool-shaft are bored out so that the rods may 
be placed in the position shown in the drawing, and pressed, when desired, 
against pieces of iron, 2, 2, which are long enough to bear evenly against the 
ends of the flange-hubs, F, F. These pieces of iron are about 14 inch thick 
and pass through slots cut in the shaft, which is 7 inches in diameter ; they are 
kept in place by pins at 7. By a system of levers, not shown in the drawing, 
the attendant may, by a single movement, press the rods h, h, against the 
flanges, thus setting the spool in motion, or, with equal facility, relieve the 
pressure, reversing the motion of the spool, or holding it firmly by means of 
the brake, g. 

It will be seen in Fig. 1 that the spool-shaft is furnished with a spur- 
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wheel, K, which is driven by a pinion, 4, and may be constantly in motion, 
whether the spool be in revolution or not; by means of gearing L, J, a 
line shaft, , transmits power to the spool NV, which is operated in manner 
similar to that just described. The pinion 0, and spur-wheel O, are provided 
for driving the pump, which is not yet placed in the shaft. All the minor 
appurtenances of the works, such as water-supply, force-pumps, wood-yard, 
and sheds, and similar conveniences, are quite complete, and the establishment 
is unsurpassed in Colorado as regards method of arrangement and fitness for 
its purpose. 

The mill in the building adjoining the west shaft-house contains 22 stamps, 
weighing 550 pounds each, and has a crushing capacity of about 20 tons per 
day. The average yield of the stamp-rock has been already shown to be about 
$15 50, coin, per ton. The mine was producing regularly in 1868, but all its 
yield and more has been absorbed in the costs of the work already described, 
which is said to have involved the expenditure of more than $100,000. In 
1869 the company became much embarrassed financially, and its regular 
operations were interfered with, although some work was still in progress. 

Garpnrr Lopr.—The Gardner lode is nearly parallel to the Illinois and 
between 300 and 400 feet further north, its outcrop being further down the 
slope of Quartz Hill, toward Nevada Gulch. Its course is north 85° east, true. 
Its dip is 75° to the south, and both course and dip, so far as observed by the 
writer, are very regular. ‘The lode was discovered and partly opened as early 
as 1860, and has been worked, with some intervals of interruption, from that 
time to the present. It has been claimed and somewhat developed for a 
length of over 800 feet, but the most important operations on the vein are 
in the Clark-Gardner mine,a claim of 200 feet in length. The adjoin- 
ing claims, both east and west, have been worked to varying depths, not 
exceeding 200 feet, and have yielded some handsome returns, and as they are 
partly owned and controlled by the same people who own the Clark-Gardner, 
there is some hope of a consolidation of interest that will bring at least 800 
feet under one management. This is much to be desired for the interest of 
all owners, as under the present conditions the costs of equipment, opening of 
ground, and administration of such short claims are so great as to absorb a 


large share of the proceeds. 
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The lode, as shown in the Clark-Gardner mine, is a large and regular 
vein. Its width is seldom less than 3 feet and often 10 or 12. Its walls 
are smooth and well defined, standing firmly, and involving but SOD sey 
little expense in timbering. 

The ore, as in the veins already described, is a mixture of iron and cop- 
per pyrites, carrying, however, a considerable proportion of galena and zinc- 
blende. The valuable mineral appears to be more widely diffused throughout 


the general fillmg of the vein than generally observed elsewhere; for while 


there is usually a compact seam of pyritous ore, it is almost always narrow, and 
the proportion of high-grade ore, worthy of selection for smelting, is very small._ 
During several months of 1868 not more than 20 tons of first-class ore had 
been selected from 1,500 or 1,600 tons of ore produced, equal to one in about 
80. ‘To compensate for this there is a good degree of uniformity existing in 
the quality of the milling ore, and occurring, as it does, in a comparatively 
wide vein, it can be extracted cheaply. The main filling of the vein is a 
siliceous and feldspathic mixture, but where the vein is wide there is frequently 
what appears to be an inclosed mass or “horse” of country-rock, granitic in 
character, though carrying an impregnation of pyrites through it. In the 
Clark-Gardner mine one-half or two-thirds of all the vein-matter broken is 
sent to the stamping mill, and yields, on an average, about 6 ounces of crude 
bullion, or $100 coin per cord, equal to $12 or $14, coin, per ton. 

The proportion of first-class ore of the Clark-Gardner mine has already 
been shown to be small. The sale of this quality to the Smelting Works 
amounted, in eight months of 1868, to 38 tons, averaging 32 ounces of fine 
gold and 11% ounces of fine silver to the ton. 

The Clark-Gardner mine, 200 feet in length, is anette by two shafts, 
the westernmost having reached a depth of about 360 feet. The ground near 
the surface was generally unproductive, but at the depth of 80 or 100 feet a 
good body of pay-ore was encountered, and the mine below that, excepting 
some poor spots, has been mostly worked out to a depth of 300 feet. The 
costs of working the ground are comparatively light. Drifting costs from $5 
to $10 per foot; sinking, 8 feet by 5, costs $20 per foot; stoping, from $12 
to $22 per running fathom. Much of the ground in the lode can be picked 
down, and comparatively little powder is required. Two men have broken a 
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fathom of ground in one day. Eight men have supplied the stamping mill 


with not less than 20 tons of ore per day for two months. The ground is 
comparatively dry and the costs of timbering are light. The mine is provided 
with hoisting machinery consisting of a small portable engine that drives a 
simple winding apparatus by belting, in the common way. The shaft-house 
isa large stone building, originally designed to contain a stamping mill that is 
not yet set up. The power provided is sufficient for both hoisting and stamp- 
ing on a small basis of operations. 

BurroueHs Lopr.—The Burroughs lode is about 400 feet north of the 
Gardner. Its outcrop is further down the slope of the hill and about 100 to 
150 feet above the bed of the Nevada Gulch. Its course is almost exactly 
parallel to that of the Gardner, being, where observed by the writer, north 85° 
east, true. Its dip is nearly vertical, or slightly to the south, its average incli- 
nation in the Ophir mine being 85°. It is one of the earliest discovered and 
most developed lodes in the Territory, the main shaft of the Ophir mine having 
reached, in the summer of 1869, a depth of 630 feet. It is opened for a con- 
tinuous length of more than 2,000 feet, and worked along that distance to depths 
varying from 200 to 500 or 600 feet. Unfortunately, it has the practical dis- 
advantage, in common with many other valuable lodes of Colorado, of being 
subdivided into many different claims, the greater number of which are too 
short to make independent mines and only serve as obstacles to a consolidated 
and comprehensive management. One company, the First National, although 
owning more than 600 feet of the lode, hold it in three or four disconnected 
portions, between which several other claims intervene, a condition that must 
greatly increase the cost of operations, if not presenting an effectual barrier to 
systematic development. 

The following list shows the claims on that part of the lode that is dis- 
tinetly traced and opened by mining work, beginning on the east and proceed- 
ing toward the west end. The length of each claim is given and the depth 
attained by their work at the time when the accompanying section was pre- 
pared in 1868, since which little or no important change has been made : 


539 MINING INDUSTRY. 


Name of claim. : Depth reached. 


W. H. Cushman F 
Burroughs Gold Mining eae < 


Lacrosse - 

Burroughs 

Colorado - 

Conlee 

Ophir - - 

First National - 

Gold Hill 
Baltimore and Colorado - 
Quartz Hill - 

Gold Hill 

First National  _ 
McCabe - 

Andrew - 2 

First National - 


First National, (one-half ees 


a Cut by tunnel. 


The section of the lode on Plate XXX, chiefly prepared from one made 
in 1868 by Mr. A. Buddee, mining engineer, and supplemented by later data 
in 1869, shows something of the development of these claims. 

Ophir Mine—The Ophir is the deepest and most extensively worked of 
all the mines on the lode. It is situated centrally, as regards the developed 
portions of the vein, and may properly serve to illustrate the general features 
of the latter. ‘The Burroughs vein, as shown in the Ophir, resembles in most 
respects the lodes that have already been described. 'The country-rock is the 
same half-gneissic, half-granitic rock already observed. ‘The walls are usually 
well defined, smooth, and regular, sometimes carrying a thin gouge of clay, 
sometimes having the seam of ore resting directly upon it without anything 
intervening. The vein, however, is not wide as compared with other leading 
veins, varying from 8 or 10 inches to 3 or 4 feet, seldom exceeding the latter. 

The vein-matter and the ore, consisting usually of a solid seam of the 
latter from a few inches to more than a foot in thickness, and associated with 
a belt of siliceous and feldspathic material highly charged with pyrites, pre- 
sent the same general features in mode of occurrence and distribution that 
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have been already noted in connection with the other lodes, but the pyritous 
ore is more exclusively iron rather than copper pyrites; in fact, the small 
proportion of the latter, at least in the Ophir, is very marked, and the iron 
pyrites is not only gold-bearing but the Ophir ore carries more silver than is 
generally associated with the ores of the district similar to these in other 
respects, the average assay of the first-class ores sold at the Smelting Works 
showing about 6 ounces of fine gold and 12 ounces of fine silver to the ton. 
The ground is generally hard, requiring the aid of powder for its removal. 
Very little of it can be picked down. ‘The mine is opened by means of two 
shafts, one at 125 feet from the eastern boundary of the property, the other 
about 60 feet further west. Both of these shafts have reached a depth of 
about 600 feet. The upper part of the mine was not worked by the present 
owners and little or nothing is knowr now of the distribution of ore in the 
ground taken out; a considerable portion of the mine was poor and is left 
standing, but nearly all above the 467-foot level is regarded as exhausted of 
its valuable contents. The earlier owners worked out what they found with- 
out much attempt at regular methods, and the first level driven as a prepara- 
tion for back-stoping was carried forward by the present management at a 
depth of 467 feet. Sixty feet below that another level was driven nearly the 
entire length of the property and stoping carried on above it, while the east 
shaft was sunk with the view of opening another level below in advance of 
the needs of the mill. 

The two shafts are well timbered up and the eastern one is divided into 
two compartments, one of which is devoted to hoisting, the other to the pump 
and ladder-way. The pump, which is in two lifts, the lower one being at 467 
feet deep, has 8-inch plungers, but the column is a 6-inch pipe, chosen of this 
diameter to save freight. ‘The water is raised from the bottom to the pump- 
cistern in buckets; the quantity is comparatively slight; although this mine 
is the deepest on the lode, the pump seldom runs more than two hours per 
day. ; 

Hoisting is done in both shafts by iron buckets that are operated in the 
manner already described as common in the Territory, by means of belting 
and a friction-brake. 'The engine for driving the pump and operating the 
winding apparatus is at the east shaft, and has a 9-inch cylinder. There is 
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one 14-foot boiler to supply steam. From the main engine-shaft the power 
is transmitted by a belt to a line-shaft, 60 or 70 feet long, by means of which 
both winding spools are driven and from which another belt communicates 
power to the pumping gear. 

The rock, when brought from the mine to the surface, is first assorted, 
selecting the first-class ore for smelting, and separating the waste-rock, that is 
thrown away, from the low-grade ore, that is sent to the stamps. 

The company have a 24-stamp mill, which is situated in the valley di- 
rectly below the shaft-house, so that a gravity tram-road, a few hundred feet 
in length, is laid on the hill-side, by which means the ore is conducted in cars 
from the shaft-house to the mill, the descending loaded car bringing the light 
one up by its greater weight. The 24 stamps, weighing about 500 pounds 
each, have an average capacity of 16 to 18 tons per day. The yield of the 
rock, which will be stated: with more detail in a following paragraph, is about 
six ounces of crude bullion to the cord, equal to $13 or $14, in coin, per ton. 
In addition to this is the product derived from the tailings, which, as may be 
seen further on, is considerable. The treatment of tailings will be more fully 
described after discussing more particularly the general features of the milling 
process. 

The superintendent of this mine, Colonel George EK. Randolph, deserves 
much credit for the systematic and careful method of account-keeping intro- 
duced by him. The data furnished here from his books, concerning the ope- 
rations of the company, are especially valuable, because so little attention is 
generally paid in Colorado to acquiring and preserving the statistics of costs 
in the various departments of mining and milling; or to recording such results, 
obtained from month to month in the progress of the work, as may enable 
one to form an intelligent judgment of the future by an accurate knowledge of 
the past. Colonel Randolph took charge of the work in April, 1868. The 
following statement shows the number of fathoms stoped, the quantity and 
class of the ore produced, and the costs of mining and milling the same, dur- 
ing the succeeding five months: 
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Tons of ore mined, 
Fathoms 
stoped. 

Ist class. | 2d class. 
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Cost of mining. 
Cost of milling. 
Total oost per 


The fluctuation in the cost of both mining and milling is due to a variety 
of circumstances, such as the variable amount expended on ordinary repairs in 
any given month, and the quantity of rock produced or milled during that 
month. ‘a 

Thus, in the months of July and August, the costs of milling were less 
than in the foregoing, because the expenditures for repairs were not so great 
during those months while the capacity was enlarged by increasing the speed 
of the stamps and the number of days of running, thus diminishing somewhat 
the costs per ton. 

The first-class ore, sold at the Smelting Works, netted the mine, in the 
month of May, $93; in July, $98; and in August, $104 per ton, in currency. 
The yield of the stamp-rock, including that treated in the company’s mill and 
in custom mills, was, in May, $24 50; in June, $15; in July, $12; and in Au- 
gust, $19 per ton, in currency. The total receipts from ores and sale of tail- 
ings, and expenditures of all sorts, during the four months referred to, were 
as follows: | 


Receipts. Expenditures. 


z $16, 491 $11, 731 12 
Juner 2°55. > eee Or ae See 8, 766 Io, 306 48 


Diy aero sae eae Be ty eI 8, 310 9, 883 36 
ART USE = Urey Veer coe é : fe I2, 000 8,798 62 


Total forfour months .- my Mes 45, 567 40, 719 58 
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The proportion of first-class, or smelting, ore to the second-class, or stamp- 
rock, appears from the accounts to be about one in fifty. 


Thus we have in— 


April PE ee ORE E AR SE Sai es 3 3 8) in ot 4 som ine 2G 
May. ss-erepe eee a eee IL ey) oe ay S40) 
June’). 0-8 be Pech Sere Go) anea92 Pores, aon 
Sly 2 Seteeae en ea eee 4.5 in 598.5 or lin 133 
August.ps<--te-cpecc-e aeeee: 12) mi428 5) or limes oe 
Or, for the five months......... 45.5 in 2,437.5 or lin 53.6 


This statement shows that the great bulk of the ore produced by the 
class of veins represented by the Burroughs is of the low-grade, or stamping 
rock. The proportion of the two classes above given differs considerably from 


the general estimate of those who do not keep careful accounts, but, so far as 
the data furnished by this mine and others, where the relative quantities of 
the two classes of ore are accurately noted, afford any basis for judgment, the 
proportion of first-class to second-class ore is very small. 

The relation existing between the amount of ground mined and the quan- 
tity of stamp-rock produced is indicated by the following figures: 


Fathomsof ground; Tonsof stamp 
Month. Tons per fathom. 
stoped. rock produced. 
April.) es) a eee en ey Eee. os 46.5 366 7.87 
Maye’ ici die ve 2 Re eee es 61. 430 8.15 
Jaa) iis gate ach hf a ee ee ca 71.66 586 8.17 
DULY! 9S Ss ali ee 82.8 594 ba ie) 
AMIZUSE! Vos we etsy Ps eee 53. 416 7.83 
Oriantayerase ofe ss syne Ee GA he ety 2a St 7.60 


The fathom paid for in stoping is the running or superficial fathom; that 
is, six feet measured on the length and the dip of the vein, but varying in 
width according to the thickness of the vein. Estimating the average width 
of the stope at little more than three feet, the weight of the solid fathom 
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would be ten tons, from which, as we have just seen, seven and six-tenths 
tons of stamp rock are obtained, or about three-fourths of the ground broken. 
According to this, a fathom of stoping ground produces a cord of stamp-rock, 
which yields, on an average, six ounces of crude bullion, worth about $100 in 
com. ‘The price paid for stoping varies very much, according to the character 
of the ground. It is sometimes as low as $25, and sometimes more than $50 
per fathom. Drifting costs from $12 to $20 per foot. Sinking the shaft, 7 
feet wide by 14 feet long, at the date of the writer’s visit in 1868, Boa $52 50 
per foot, the miners furnishing their own supplies. 

The foregoing notes concerning the operations of this mine were obtained 
in the latter part of 1868. Shortly thereafter the company became embar- 
rassed financially, and, when visited in 1869, but little work was in progress. 
A few miners were at work on their own account. 

First National—There are several claims on the Burroughs that have 
been worked to considerable depths, but, during the past year or two, their de- 
velopment has not been very vigorously prosecuted. The Gilpin was steadily 
worked for a long time, but, in the summer of 1869, little or nothing was in 
progress on that claim. The First National Company, owning several discon- 
nected claims on the lode, resumed active operations, in 1869, on that which 
adjoins the Ophir on the west, and have since been steadily engaged in its de- 
velopment. Their shaft, on this claim, has reached a depth of nearly 500 feet. 
Stoping has been in progress, during the past winter, between the 400-foot and 
470-foot levels, furnishing ores that yield an average of $10 50, coin, per ton. 
A careful system of account keeping has been inaugurated in this mine, and the 
following statements, setting forth some of the results of their operations, will 
be found interesting, as throwing light on the relations existing between cost 
of production and yield of the ore. It will be seen that the former exceeds 
the latter, and the experience of this mine is one illustration of the disadvan- 
tage under which a short claim is worked on a vein like the Burroughs, a fair 
representative of the Colorado gold-bearing lodes. The vein is narrow, the 
average value of the ore is low, and the pay is not uniformly distributed. A 
vein of this character needs all the advantages that may be derived from eco- 
nomical and systematic methods of work. Here, however, is a claim, 183 feet 


in length, working through a shaft nearly 500 feet deep, the cost of sinking 
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which is 10 per cent. of all the expenses of the company. As the mine 
has no connection with its neighbors, the shaft can only aid in the develop- 
ment of a small part of the ground for which it would be sufficient if the claim 
were longer. The cost of hoisting works, the consumption of fuel, labor of 
the engineers and some other men, the cost of superintendence and other 
management of the company’s affairs, are nearly or quite as much as they 
would be if the production of the mine were ten-fold greater. Thus the costs 
per ton are much increased, and ore, rich enough to afford a profit under fa- 
vorable circumstances, is produced at a loss under existing conditions. | 
This is true of many of the mines in Colorado. Some of the best lodes, 
apparently possessing all the necessary qualities for profitable working, under 


one comprehensive and economical management, are divided into a multitude 
of short claims, worked independently of each other, at great expense, and 
losing their possible profits for the lack of consolidation. } 

The following statement shows the operations of the mine, in detail, for 
five weeks, from October 9 to November 13, 1869: 


H 1 Mo} 
3 a ae g 5 d 
G n Sg oo BD S 
a. 2 ll saa O 3 d 
J 8 8 BS ED ye | ca a g 
Week ending— 2 a eS = ee G 2 op fa . 
S| Po one 2 2 i S S) 2 
= a a | 7) 1S) we SS ° fos) 
wn a — esl is n 2 =) rt = Lie} 
avs g So aug) os Mal See a ens 3 
A fo) an a as) A ca 
October 16 . 87 $6 06 $1 71 $8 68 56 $5 38 $14 06 $16 43 
23 60% | 10 17 I 80 II 97 72 5 38 I7 35 IO 29 
JO « 77 7 76 I 82 9 59 74 5 38 14 97 12 OL 
November 6 .- 67 8 68 0 35 9 03 76 5 38 I4 41 II 79 
Ws || WEA 4 97 I 93 6 go - 4 45 II 35 


All expenses are included in the foregoing; among special costs is in- 
cluded the sinking of the shaft. 

The following is a summary of operations from October 9, 1869, to Jan- 
uary 1,.1870, including the foregoing: 
Number of tons of stamp-rock raised and milled........----- she aee 850 
Average assay value in coin—gold, $2518; silver, $1 94—total.... $27 07 
Number tons smelters’ ore raised and sold, (1 in 65,)..------..-+-+- 13.27 
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Average assay value in coin—gold, $131 21; silver, $16 22—total.. $147 43 


PP otal toms vaisedee- 2+ -Mse 2 fetes. Soot il Santen Mats a olel ale 863. 27 
Average assay value, Coin -..--------------+ +222 22222 ee eeeee reece tee $28 92 
Average yield, per ton, of milling ore, in currency.----------------- 12 68 
Average yield, per ton, of smelting ore, in currency-..-------------- 110 07 
Average yield, per ton, of all ore, in currency..----------------+---- 14 17 
Average cost, per ton, for ordinary expenses of mining and milling, 13 59 
Average cost, per ton, for special expenses. ------------------------- 2 08 
Motalaveraze cosy, per tom iW CUItency---- 9-.---2-22-2---2 7-2 2+-5- 15 67 


Counting gold at 20 per cent. premium, the average percentage obtained 
of the value of the low-grade ore was 39 per cent. by milling, and 62 per cent. 
of the value of first-class ore, obtained by sale to the smelters. 


On the same slope of Quartz Hill with the Burroughs, but from half a 
mile to a mile further west of the principal developments on that lode, and 
higher up the valley, is another group of mines opened upon ledges that from 
their course, dip, and relative position seem to belong to the same class as the 
Burroughs, Gardner, Illinois, and their associated veins, but which present a 
marked difference in the character of their ores; carrying a much larger pro- 
portion of argentiferous galena, zincblende and sulphurets of silver. Assays 
of the ore frequently show a very high value in the last named metal. Prom- 
inent among these are the California, Indiana or Hidden Treasure, Flack, 
Mercer County, Forks, American Flag, and others. The Mercer County lies 
east of and in line with the Flack, on what is understood to be the same vein, 
but the mines are separated by a dry, shallow ravine, which crosses their 
course. The California and the Indiana bear a similar relation to each other, 
the two names applying to different parts of one vein, the last named lying 
west of the ravine, just referred to, and the California lying east of it. The 
course of the California, continued still further east, shows it to be very nearly 
in line and probably identical with the Gardner lode, already described. The 
Forks is between the Flack and the California, having, apparently, a course 
considerably north of east, and, consequently, intersecting both, if all three are 
continuous and regular. It is worked actively to a depth of over 300 feet, and 
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yields very good ore. The American Flag, still further north, not far above the 
bed of the stream, has also been worked to a depth of several hundred feet and 
gives indications of much value. 

Fiacx.—A more minute description of the Flack mine, on the Flack lode, 
and of the claim until lately known as the Stalker and Stanley, on the California 
lode, will suffice to represent the general character of this group of veins. The 
Flack was one of the early discoveries of the district and was worked in 1862. 
The top quartz is said to have yielded a good deal of money, but detailed 
records of the product are not in the possession of the writer. Ata depth of © 
60 feet the crevice was small and poor and continued so for 100 or 125 feet 
further, when a good pay-seam was found. Difficulties among the owners led 
to a subsequent suspension of work, which was only resumed again in June of 
1868, ‘Two shafts are being carried down for permanent work, with the inten- 
tion of opening-ground by successive levels and stoping overhand. One of 
these had reached a depth of 400 feet in 1869. Drifting and stoping were 
in progress in the neighborhood of both shafts. ‘The vein is shown by these 
developments to be narrow, varying from three or four inches to two feet. 
The walls are of gneiss, sometimes passing into granite, and, where broken, 
frequently show lines of bedding or structure dipping eastward. The walls 
are generally very well defined and smooth and show evidences of movement 
in the beautifully polished and striated surfaces that are formed on the ore- 
seam where in contact with one or the other wall. Sometimes there is a dis- 
tinctly marked selvage of clay between the wall and the harder filling of the 
vein. ‘The vein-matter is chiefly quartz; where associated with pay it is of a 
softened or sometimes friable character, mixed with some feldspar; where 
poor, it is harder, sometimes forming a granulitic mixture of quartz and feld- 
spar. This is generally, not only in this but in other veins of the district, the 
character of the “cap” or barren ground of the lode. The “cap,” a term 
usually employed to express the impoverished condition of the vein, may be 
due either to the pinching together of the walls of the fissure, or, where the 
latter maintain their regular distance apart from each other, to the filling of 
the vein with barren rock, usually resembling granulite or the granite of the 
country. Thus in the east shaft of the Flack, which passes through a hun- 
dred feet or more of “cap,” the walls were observed to be two feet or more 
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apart; on the south wall there seemed to be a fissure by itself, only an inch 
or two wide, and filled with a soft clayey and siliceous material, next to which 
was a belt of barren rock that might be described as a granulite, or a granite 
' poor in mica; and north of that, next the north wall of the vein, another and 
wider belt of true vein-matter. Bunches of the latter may be found in places 
scattered through the “cap.” This condition of things may suggest the idea 
that these veins were originally formed or filled by dikes of granite or granu- 
lite, and that by a subsequent enlargement or widening of the fissure the 
siliceous and metal-bearing vein-matter was introduced by other processes of 
infiltration or segregation by which it is generally believed that fissure veins 
have been filled. The ore-seams and their gangue are frequently, indeed gen- 
erally, arranged in layer or banded form, with a considerable degree of paral- 
lelism and with the drusy character of true vein filling. Movement in the 
walls would naturally occasion the irregularity in the width of the crevice, and 
the shattering or fracturing of the original dike material would afford oppor- 
tunity for the intermixture of the newer vein-matter with the old. Move- 
ment in the case of the vein now under consideration is clearly evidenced by 
the “slickensides,” or polished surfaces, already referred to. 

It has already been stated that, where ore-bearing, this vein carries a con- 
siderable proportion of zincblende and galena. These occur sometimes inti- 
mately mixed with the iron and copper pyrites, while in some places they are 

arranged in distinctly separated seams. In the stope east of the east shaft the 
vein was 12 or 15 inches wide; on the north wall was a very thin selvage of 
soit, clayey material, followed by a seam of dark-colored blende and galena, 
two or three inches wide, somewhat mixed with and succeeded by a seam of 
greenish, siliceous, and perhaps talcose vein-matter, carrying finely-divided iron 
pytites; then a seam of solid iron pyrites, two or three inches thick; the 
remainder of the vein was a quartzose material carrying finely-distributed 
pyrites suitable for crushing in the stamp mills. In this place there was but 
' little copper present, though elsewhere copper pyrites is sometimes largely 
represented, and argentiferous gray copper occurs sometimes with the galena 
and the zincblende. . 

Concerning the yield of the rock, on a large working scale, the writer 
could obtain but little positive information. ‘'he stamp-rock, it is said, yields 
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about one ounce of retorted amalgam per ton; this, however, contains sufh- 
cient silver to reduce its value considerably below that of the bullion produced 
by those mines whose ores are poor in silver. The average value of the 
ounce of bullion obtained from the Flack ores is stated at $13, in coin. 

The higher class of ores, carrying considerable silver and combined with 
lead, zinc, and copper, are reserved for smelting. One lot of nine tons, sold 
to Professor Hill early in 1869, gave, by assay, seven ounces of fine gold and 
sixty-eight ounces of fine silver per ton. . 

The total production of the mine, since the present management began | 
operations, could not be ascertained. The mine is provided with a small 
portable engine, of which the cylinder is 9 inches in diameter, that is placed 
between the two working shafts, but near the western one, commanding both 
for hoisting. ‘The winding apparatus is operated in the manner already de- 
scribed, by means of belting. 

CaxirorniA.—The California lode has of late attracted more attention than 
any of its neighbors, having, within a year or little more, gained a great repu- 
tation by reason of the abundance and richness of its ores. It was discovered 
several years since, and has been worked more or less since 1864. It is nearly 
parallel to the Flack, and 300 or 400 feet north of that lode. It is traced for 
many hundred feet in length. West of the dry gulch, near the Stalker and 
Stanley claim, the lode is known as the Indiana, and has been sunk upon in 
various places along its course. The only parties working on that part of 
the lode in 1869 were three men, who had reached a depth of 150 feet, and 
were taking out good ore of both classes—that is, for smelting and milling. 
Kast of the gulch is the principal claim on the lode, formerly known as that 
of Stalker and Stanley, but the ownership has lately changed hands. This 
claim is 300 feet long. East of it the lode has been traced and somewhat 
prospected for a distance of some hundreds of feet, and apparently continues 
in its course until it merges into or becomes identical with the Gardner. 
This is not fully established as a fact, and is doubted by some; but it seems 
quite probable from present developments. 

The Stalker and Stanley claim has been worked to a depth of 475 feet. 
The main shaft, 50 feet east of the west boundary, had reached that depth in 
August, 1869, while the east shaft, 130 feet east of the last named, was down 
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800 feet. Between the two shafts, considerable stoping had been done, but 
the ground was whole below the 300-foot level. 

From the developments thus made the lode appears to possess the char- 
acteristics of a well-defined fissure vein. Its course is north 85° east. The 
dip is slightly to the south, about 85° from the horizon. The walls are 
smooth and very regular. They are from two to six feet apart, and, in the 
stopes visited at the time referred to, the whole space was filled with pay- 
ground. The gangue is a quartzose material, generally resembling that al- 
ready described as the characteristic filling of the veins of this region. The 
ore is chiefly iron and copper pyrites, carrying, in bunches or pockets, con- 
siderable quantities of galena and zincblende, particularly the last named. 
There is commonly a seam of first-class ore, associated with a wider belt of 
milling ore. 

During the past year the ground has been unusually productive. Ac- 
cording to the statements of the proprietors, not more than one-eighth of all 
the rock broken in the mine is thrown away as poor; while one ton of ore in 
ten is said to be fit for smelting. The value, of the milling rock is said to be 
very high, yielding an average of 12 ounces of amalgam to the cord, the 
ounce being worth about or little more than $13, in coin. According to this, 
the milling ore yields about $21 per ton, in coin. The average contents, by 
assay of over 400 tons of smelting ore sold at the Smelting Works, was 
nearly 3 ounces of fine gold and 18 ounces of fine silver per ton. 

The mine has not always been in such good fortune. When first opened 
the surface quartz was taken out about 40 feet deep, and was worked with 
profit. The shaft then encountered poor ground, which it passed through for 
180 feet. It has since been shown that there was excellent ground only a 
few feet from the shaft, which remained undiscovered because no drift was 
run toward it from the shaft. At the depth of 180 feet the shaft reached 
ore-bearing ground, that yielded about 7 ounces to the cord, or $12 to $13 
per ton. The yield has greatly improved since opening the stopes between 
the shafts. 

In August, 1869, there were 24 men employed at the mine, 16 of whom 
were stoping. With this force about 30 tons of ore per day were mined and 
raised. Sinking cost $15 to $20 per foot; stoping $12 or $18 per fathom. 
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A detailed statement of costs could not be obtained; but the mine is said to 
have yielded a net profit of $40,000 during the summer. 

The mine is provided with a small hoisting engine. Both rock and 
water are raised in buckets. Four hours per day are required for the engine 
to raise the water from the mine. From reliable sources the yield of this 
mine to its owners, from January 1 to August 1, 1870, appears to have been 
about $75,000, including the product of the first-class ore. This latter 
amounted to 409 tons, of which the average price paid in currency by the 
smelters to the mine was $41 90 per ton. 

GunnELL Lopr.—North of Quartz Hill, separated from it by Nevada 
Gulch, and lying between the latter and Eureka Gulch, is Gunnell Hill, which, 
since mining first begun in Colorado, has been the scene of active work. Its 
general trend is east and west, and it contains a number of valuable veins, the 
general course of which is east and west, or between that and northeast and 
southwest. ‘The most developed of these is the Gunnell lode, that crops out 
on the northern slope, not far below the crest of the hill, and which has been 
worked to a depth of about 500 feet, the opened mines covering a length of 
nearly 1,200 feet. ‘The general features of this lode are said to be much the 
same as those of veins already described in this chapter; but, as none of the 
mines were working during the writer’s visit to the region, there was no fa- 
vorable opportunity afforded to go underground. 'The vein is said to have 
been one of the most productive of the country in early days, and it possesses, 
doubtless, as much merit as many of those that are now being wrought; but, 
owing to various difficulties and hinderances, some of them quite independent 
of the intrinsic merits of the property, the work of mining on this lode was 
suspended some time ago, and is not yet resumed. The principal mimes on 
this lode are supplied with hoisting and milling machinery, and the increas- 
ing activity attending mining operations in Colorado will be likely to occasion 
renewed efforts to bring them into successful and profitable operation. On 
this hill are several other less developed, but very promising, ledges, some of 
which have been lately opened. Among these is the Fairview, which was 
first brought into notice in the early summer of 1868. It has since been 
worked steadily, producing rock of excellent quality, and, it is said, has been 
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a source of great profit to the owners. Its ore is chiefly iron pyrites, yielding 
from one to two ounces of crude bullion per ton. 

Winnesaco Lopr.—On the opposite side of Eureka Gulch, and further 
east, is Casto Hill, the location of an actively-worked and promising mine, be- 
longing to the Barrett Mining Company, and opened on what is known as the 
Winnebago lode. This lode, nearly parallel to the Gunnell, has about an east 
and west course, dipping vertically, or somewhat inclined to the south. The 
Barrett Company own 400 feet and have worked it by means of a single shaft 
some 800 or 400 feet deep. This shaft has passed through variable ground, 
having encountered “cap” or barren rock at about 100 feet from the surface, and — 
striking pay-ground again 100 feet deeper. The ground is opened by levels and 
worked by backstoping. About one-third of the rock broken is said to be good 
for stamps, and much of the poor rock is selected below ground and left on the 
stulls. ‘The ore is chiefly iron pyrites with but a small proportion of copper. 
The presence of free gold is frequently noticed. The present manager treats 
all his ore by the stamping process, though some experimental lots of first- 
class ore have been selected for other more exact methods. One such lot of 
24 tons gave, by assay, 4 ounces of fine gold and 4 ounces of fine silver to the 
ton. The whole mass, when stamped, yields on an average 4 ounces, or $64 
worth, of crude bullion to the cord, or about $8 50 coin, per ton. The tail- 
ings, after leaving the mill, are said to assay 1 ounce or more to the ton, and 
are reserved for further treatment. The mine is furnished with hoisting 
power, consisting of an engine, the cylinder of which is 14 inches in diameter, 
and one boiler of adequate capacity. ‘The winding apparatus is the common 
spool, driven by belting and controlled by a friction-brake. The water is 
raised in a barrel by this means. 

The machinery is set up at the mouth of the shaft and drives a fan- 
blower for ventilation, as there is but one shaft. A 20-stamp mill is set up 
in a wing of the same building and driven by the power just described. The 
stamps weigh 500 pounds each and drop 18 inches 28 times per minute. 
They crush about 2 cords, or 15 tons, per day. Milling operations commenced 
in July, 1868, and are said to have been conducted with profit. The conve- 
nience of the mill to the mine, and the economical arrangement of the whole, 


affords some advantages for working at a low cost. 
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Coatey anp Gitpin Loprs.—Although the mineral veins of Gilpin 
County are chiefly valuable for their gold, there are some, as has been already 
shown, that carry a considerable proportion of silver. In addition to these 
there are a few that are only valuable for silver and which possess no gold at 
all, or so little that it is practically unimportant. The development of these 
silver veins has not progressed very far, but within a year past they have 
attracted increased attention and are now of growing importance. The 
Coaley and Gilpin lodes are among the more recent and valuable discoveries 
of this class of veins. ‘They are situated in Slaughter House Gulch, a ravine 
on the north side of Clear Creek, a half mile or more below Black Hawk; 
they were opened late in 1868. 

The Gilpin apparently crosses tle ravine with a northeast and southwest 
course, dipping almost vertically. It is opened by a tunnel on the west side 
of the gulch, about 200 feet in length. ‘The Coaley crops out about 60 or 70 
feet south of the mouth of the Gilpin tunnel. Its course is nearly east and 
west and its dip is to the north at about 30° from the horizon. The two 
veins, therefore, intersect each other. ‘The work done upon them thus far is 
not sufficient to determine positively whether they are independent veins or 
one of them a branch of the other. The depth reached in August, 1869, 
did not exceed 40 feet. 

The inclosing rock is of the same gneissic or granitic character which 
prevails in this district. The walls of the vein, where visible, especially the 
north wall of the Coaley, are pretty well defined; the crevice is not large in 
either vein. ‘The gangue is chiefly quartz; the ore consists of galena and 
zincblende, both apparently argentiferous, a little copper and iron pyrites, 
argentiferous sulphurets, and native silver. The latter, in some selected speci- 
mens, is very abundant. Some of the assays of this ore show a very high 
value in silver but no gold. Seventy-three tons of this ore, sold for smelting, 
contaimed, on the average, 215 ounces of fine silver per ton. 


Sho aie a 


GOLD MINING IN COLORADO. 5A7 


Se CLLON EL. 


TREATMENT OF THE ORES. 


It has already been said that the ore produced by the gold-bearing veins 
of Colorado is generally divided into two classes that are treated by different 
methods for the extraction of their valuable contents. The first-class, which 
is but a small proportion of the whole, consists of a selected portion of rich 
mineral that occurs in the vein in a somewhat concentrated form, or mixed 
with comparatively little gangue. The chemical nature of the minerals with 
which the gold and silver are combined, or intimately associated, is such that 
nicely-adapted and somewhat costly methods of metallurgical treatment are 
required in order to extract a reasonably high percentage of the value con- 
tained, and the ore selected for such treatment must consequently be rich 
enough to leave a profit after paying the costs of the operation. The second- 
class, comprising the bulk of the ore produced, is vein-rock or quartz, through- 
out the mass of which the gold-bearing mineral is sparsely distributed, and of 
which the low average value demands a cheaper method of extraction. The 
valuable mineral of the second-class ore does not appear to differ essentially 
in chemical composition from that of the first-class, and when treated in the 
simple manner now in general use, yields a very much lower percentage of its 
value than does the first-class under more exact methods, but, owing to its 
meager distribution through the gangue, the value of the whole is so low that 
the greater percentage that might be extracted by any better methods yet 
available would not be sufficient to pay the increased costs of working, so 
that for the present, at least, or until new improvements are made practicable, 
the miner must needs be content with the cheaper, though less efficient, 
methods. 

The two principal methods now in use in the gold district of Colorado 
are, for the high-grade or first-class ore, smelting, by which the gold, silver, 
and copper is obtained in the form of regulus, or crude metal, which is at 
present sent to Swansea in that form for separation and refining ; and, for the 
second-class ore, crushing by stamps and amalgamating the gold by means of 
quicksilver. Besides these two methods, some other processes are in use to 


548 MINING INDUSTRY. 


a limited extent, or are being introduced, but without having yet come into 
general favor. 

In the following pages the principal methods above referred to will be 
described with sufficient detail to give an idea of their general character, after 
which some of the other processes may be briefly noticed. As the great bulk 
of the ore raised from the mines is treated by crushing and amalgamation, the 
operations of the stamping mills will be taken up first. 

Mitiine.—The ore designed for treatment, by this method is first reduced 
to fragments of a suitable size for feeding to the stamps, which is done either 
by hand or by a stone-breaking machine. Blake’s Rock-breaker or Dodge’s 
Crusher are used more generally than other machines for this purpose in Col- 
orado. ‘The rock is then supplied to the stamps. 

The general character and method of arrangement of crushing or stamp- 
ing machinery, as used in Nevada, has been already described in a foregoing 
chapter. The mills of Colorado are similar, in many respects, to those of 
Nevada. It will, therefore, be unnecessary to describe in detail all the various — 
parts of machinery that are common to mills of this sort, and a brief notice of 
some of the characteristic features of those in Colorado will be sufficient here. 
The drawings on Plate XX XIII illustrate many of the details of construction 
of a Colorado crushing mill for the treatment of gold-bearing rock, The 
case illustrated is a battery in the Trust Mill, on Lake Gulch, under the 
management of Mr. H. B. Brastow. The reference table on the plate will 
make the drawings intelligible without further explanation. 

The Colorado milling machinery has been mostly supplied from Chi- 
cago, though the machine shops of other western cities are somewhat repre- 
sented. The stamps, as a general rule, are heavier, run more slowly, and with 
greater fall than is usual in the mills of California and Nevada. Some of 
them weigh 900 pounds each, and although the mills of most recent con- 
struction have generally adopted a 500-pound or 600-pound stamp, the aver- 
age is probably somewhat higher than that at present. Some run with as 
low a speed as 15 drops per minute; others as high as 40; while the average 
will probably not exceed 28. The fall is from 12 to 18 inches. The re- 
volving stamp is in general use. The high mortars, having the bottom and 
sides cast in one piece, so generally used in Nevada and California, are not 
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found in Colorado. The mortar in common use in this Territory is a simple 
iron trough, four or five feet long, twelve or fourteen inches wide, and nine 
inches deep, cast with a solid bottom, which should be nine or ten inches 
thick, but is often less. It is laid on wooden foundations, made, sometimes, 
like those already described, of sound timbers, set vertically, their ends rest- 
ing on firm ground; or, more commonly, on a long, horizontal mortar-block, 
that rests on other cross-timbers, placed horizontally. The bottom of the mor- 
tar on the inside contains recesses into which the dies sink and are secured. 
The latter usually have flat octagonal bases with a wearing surface rising 
above it of cylindrical form, corresponding to that of the shoe, usually 8 
inches in diameter. (See Fig. 1, Plate XX.) The battery-work above the 
mortar is all of wood. The housings are of plank, the front and back being 
so made as to be readily taken down, giving access to the inside of the bat- 
tery. ‘The screens are of Russia sheet-iron, 9 or 10 inches wide and as long 
as the battery, fixed in a frame that can be secured in front of the bat- 
tery by keys fitting in the grooves, or other simple contrivances, one of which 
is shown in the drawing. The discharge is usually only in front. The 
screens are punched with very fine slits about one-third of an inch long and 
the same distance apart. The battery usually contains four or five stamps. 
These in general features resemble the California stamps, consisting 
of a stem, head, shoe, and tappet or collar, by means of which the cam 
raises the stamp. ‘The tappet in Colorado is usually adjusted to its place on 
the stem by turning it on a screw-thread, cut for the purpose, and is fixed by 
means of a key or wedge that is driven into a key-seat cut in the tappet and 
stem. In some mills the stamp-stems are made with a slight taper in the part 
to which the tappet is to be attached, and the latter, having a corresponding 
form, being driven on to the stem, holds its place by friction. Such is the 
form of the tappet shown in the drawing on Plate XX XIII. The California 
tappet, described in a foregoing chapter, and illustrated in Fig. 4, Plate XX, 
which is deemed by those mill-men who have used it as superior to any other, 
has not yet come into general use in Colorado. 

The stamp mills of Gilpin County are generally operated by steam, though 
some that are favorably situated on the water-courses obtain power from that 
source. Many mills, however, are located on the mine supplying the ore, the 
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stamping machinery being under the same roof with the hoisting or pumping 
works and operated by the same power, which, where practicable, affords a 
great saving in cost and care of machinery and in the labor of handling the 
rock. The power is generally transmitted from the engine by belt to a coun- 
ter-shaft, from which the stamps are usually run by gearing. The convenient 
method, in use in Nevada and California, of running each battery or two bat- 
teries by a belt, so that by applying or withdrawing a tightener any battery may 
be set in motion or stopped independently of the other batteries, is not here in 
use. A cam-shaft in Colorado is generally made long enough for all the stamps 
in the mill, or if the mill be a large one, for twenty or more stamps, the stop- 
page of one battery involving the delay of all the others run by the same 
shaft. The cam-shaft is generally driven by a geared wheel, though the shaft 
carrying the driving pinion is commonly operated by belting. 

Wet-crushing is used altogether in the milling of gold ores in Colorado. 
Water is introduced into each battery by a number of small pipes that draw 
their supply from a trough w, shown in the drawing. The quantity must be 
sufficient to carry out the material as soon as it is reduced to the necessary 
degree of fineness, this being determined by the mesh of the screen in front 
of the battery through which it is discharged. Amalgamation is performed in 
the battery, in which a supply of quicksilver is maintained for the purpose of 
taking up the gold as soon as liberated by the crushing process. The quick- 
silver is usually introduced into the batteries in small quantities from time to 
time, as may be necessary, according to the richness of the ore and the 
rapidity with which the amalgam is formed. The appearance of the latter, 
as it issues from the battery, is one indication, to the attendant, of the quan- 
tity of quicksilver present. Hard, dry, and dense particles of amalgam show 
the lack of a sufficient quantity, while from the degree of fluidity of the par- 
ticles the presence of a sufficient quantity, or of a surplus, of quicksilver may 
be inferred. The ends of the batteries are lined with amalgamated copper- 
plates, while another plate of the same kind, about 10 or 12 inches wide and 
as long as the inside of the battery, is so fixed in a frame that it may be 
introduced and secured in an inclined position behind the stamps. A similar 
plate, though narrower, is generally used on the front or discharge side of the 
battery. A portion of the amalgam, as it is formed in the battery and 
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splashed against these plates, adheres to the amalgamated surfaces and is 
retained upon them. The batteries and plates are cleaned up at stated inter- 
vals, differing in length in various mills, in some once each day, in others only 
once in three or four days, and the amalgam that has collected in the battery, 
about the stamps and on the plates, is removed. From one-half to three- 
fourths of the total product is obtained from this source, while the remainder 
comes from the other appliances used outside the battery for the purpose 
of catching the amalgam. ‘These consist mainly of aprons or tables, covered 
with amalgamated copper-plates and constructed in various ways. Usually 
the stream of water flowing from the batteries and carrying with it the finely 
crushed ore, some of the amalgam and quicksilver, with much still unamal- 
gamated gold, passes over an inclined plane or table, 5 or 6 feet wide and from 
6 to 12 feet long, and covered with copper-plate. These tables are placed 
in front of the batteries, so that the stream passes directly over them. 
Generally one table of the dimensions above given is provided for each bat- 
tery of stamps, though in some mills there is but one table for two batteries. 
The table should be fixed at such an inclination that the stream of water may 
run down readily over its surface, carrying with it the charge of crushed rock, 
but with not so great a velocity as to wash away the amalgam or prevent its 
adherence to the plate. This inclination is usually about one inch of fall to 
six inches or one foot of length, but is variously determined by different mill- 
men, depending chiefly on the quantity of water used, and other conditions, 
as experience may direct. In some mills the material first passes over a short 
copper-plated apron, only 20 or 30 inches long and thence to shaking-tables, 
that instead of being fixed are suspended at about the same inclination as the 
stationary table, and to which a slight forward and backward movement is 
given, accompanied by a sudden shock or percussion. ‘The surface of the 
table, instead of being smooth, has a number of riffles or grooves, at right 
angles to the long side of the table or the line of motion, which serve to con- 
tain quicksilver and afford increased opportunities for contact with the ore and 
amalgamation of the gold. Leaving these machines the stream continues to 
flow on, in some cases immediately out of the mill into tanks or basins where the 
residue of the material, or ‘‘tailings,” is deposited; in other cases over a variety 
of machines provided for the further saving of the gold or the concentration of 
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the heavier and better portions of the ore and the escaping amalgam. Usually 
there is a long wooden sluice or canal, the bottom of which is-covered with 
copper in the same manner as the tables just described, or with coarse 
blankets which catch the pyrites and some amalgam, which being washed off 
from the blankets and collected, may be treated in grinding pans or sold to 
other parties for treatment by methods to be noticed further on. The amal- 
gam formed in the batteries and on the tables is cleaned up at intervals vary- 
ing in length according to the richness of the ore. In some mills the out- 
side plates or those on the inclined tables are cleaned daily, while the bat- 
teries are allowed to run three or four days without cleaning. The outside 
plates are cleaned by carefully scraping off the adhering amalgam, first gently 
with a knife and finally with a thick piece of hard gum or rubber, which 
scrapes the surface closely without cutting or scratching it. The plate is then 
washed with water and prepared for use again by sprinkling quicksilver over 
it, spreading the same evenly by means of a cloth, thus forming a freshly amal- 
gamated or quicksilver-coated surface. 

The plates that are fitted into each battery, or mortar, are cleaned in 
like manner, and the mortars themselves, the stamps being hung up and the 
housings sufficiently removed, undergo a similar operation, the shoes, dies, 
and interior iron-work being carefully scraped with a knife, in order to re- 
move the adhering amalgam. The amalgam, thus collected, contains some 
impurities, in the form of pyrites, iron, and dirt, which must be removed 
before retorting. It is usually put into a wedgewood mortar, or other suit- 
able vessel, and stirred or agitated with water, by which means the dirt or 
lighter portions rise to the surface, and may be floated or washed off into a 
cistern or other vessel, and collected there for future treatment. The amal- 
gam may then be rendered fluid by the addition of more quicksilver, the im- 
purities brought to the surface by agitation, and skimmed or cleaned by a 
piece of coarse blanket, to which the particles of dirt and other foreign sub- 
stances adhere. By repeated operations the amalgam may be obtained in a 
very clean condition, the skimmings being subsequently cleaned in similar 
manner. When thus prepared the amalgam is strained through a piece of 
cloth and forcibly pressed so as to squeeze out as much as possible of the 
‘surplus quicksilver. The remainder is then retorted. In most mills small 
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retorts are used, holding from 100 to 300 ounces of amalgam; though, in 
some others, retorts of several thousand ounces capacity are employed. The 
common retort is a conical pot of cast iron, 4 or 5 inches in diameter at 
top and 6 or 7 inches deep. A lip or flange is formed around the mouth by 
iron rings, that are shrunk on, the upper surface of which is smoothly ground 
and fitting to a corresponding surface on the under side of the cover. The 
latter is put on and secured by clamps anda screw. The top is provided 
with a curved neck, to which is fitted a long pipe, which, being kept in cold 
water, serves as a condenser for the vaporized quicksilver. When charged, 
the retort is heated in a common forge fire, gently at first, and afterward 
strongly. The bullion obtained is usually from one-fourth to one-third, or 
rarely one-half, of the original quantity of amalgam, while the quicksilver, 
after being condensed, is recovered for further use. This crude bullion is 
worth from $15 to $18 per ounce in coin, sometimes little more or less, but, 
on an average, $16 50. As all the gold-bearing ores contain some silver, 
there is always a little of that metal present in the bullion, and in those ores 
that contain an unusual proportion of silver the value of the ounce of crude 
bullion is considerably reduced by its presence, as in the case of the Flack 
and California ore, of which the retorted bullion seldom exceeds $13, in coin, 
per ounce. In this form the retorted bullion is usually sold by the producers 
to the bankers at Central City. It is forwarded thence to the Branch Mint 
at Denver, or to other establishments, where it is melted and run into bars or 
ingots. In this melting process a portion of the impurity contained in the 
bullion, consisting of iron, unexpelled quicksilver, dirt, &c., is removed, and 
the bar of metal produced is of somewhat higher value than the crude bullion. 
The loss in melting, therefore, varies according to the care with which the 
amalgam is cleaned before retorting. The value of the melted bar, per 
ounce, is generally about $18, in coin. Having reached this form, the metal 
is generally shipped to eastern markets, where it is subjected to further pro- 


cesses of separation and refinement. 


The following tabular statement shows the percentage of loss in melting 
the retorted bullion, produced from several different lodes; the fineness of 
the bar obtained, the proportions of gold and silver present being expressed in 
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thousandths; and the coin value, per ounce, of the crude bullion and of the 
melted bar. | 


Statement from the records of Mefsrs. Warren Hussey & Company, bankers at Central City, Colorado. 


| 
i: inenessOnbarine Coin value per ounce 
a a of— 
Date. Description. Where from. = 3 
ror 
2 4 Gold. | Silver. eae Bar. 
| 
October, 1867 . | Millretort .|Briggslode ..... 2.15 80834 172 16.48 16.85 
January, 1868 . | Millretort .|Briggslode ..... 2.71 80314 186 16.3 16.76 
Mill'retort)) |" Bugeslode We eae). 2.95 8114 180 16.42 16.92 
Mill retort sss a eBrgesilodessscn -lsena-nls 3-56 816 178 16.40 17.01 
December, 1867 | Millretort .| Bobtailmine ..... 5.26 863% 128 17.00 17.92 
Millretort .| Bobtailmine . ... . 3.00 849% 140 17.27 17.65 
Millretort .| Bobtailmine . ... . II.03 8644 127 15.96 17-94 
Millretort .|Bobtailmine . ... . 1.46 86014 133 17.62 ° 17.87 
January, 1868 . | Millretort .| Bobtailmine . .... 4.55 86614 125 17.16 17.98 
Miliretort .| Bobtailmine . .... Rage 86634 128 17-74 17-98 
Milliretort =| Bobtail: mine) 5s. 2). 1.16 869 126 17.82 18.03 
Millretort .{| Bobtailmine . ... . 3.15 865 125 17.38 17-95 
Millretort .j| Bobtailmine ..... 4.85 866 124 I7.1I 17.98 
August, 1868 .| Millretort .|Bateslode ...... 8.72 746 241 I4.29 15.66 
June, 1868 . .{| Millretort .| BatesHunter. ... . 13.10 845 I50 15.27 17.26 
May, 1868 . .| Millretort .{| Burroughslode ... . 2.63 833% 158 16.93 17.39 
Millretort .{| Burroughslode ... . Sais 820 166 16.58 17.11 
March, 1868 ./| Millretort ./|Illinoislode ..... 4.19 7814 “211 15.96 16.34 
December, 1867 | Millretort .|Alpslode ...... 1.73 75834 225 15.6 15.89 
(REA 5 5 | Millen 4 | ade 5 o 5 4 0 0 4-43 64x 348 13.03 13.66 
Mb Ony 5 IDRC So Go a 6 a 5.20 653% 330 13.18 13.89 
Millretort .| Californialode .,.. 12.42 721% 269 13.26 15.14 
Millretort .| Californialode ... . 7.20 717 267 14.0 15.09 
December, 1867 Millretort .| Tenth Legion, (Empire) , 20.24 886 go 14.65 18.33 
Millretort .| Roland, (Empire) ... 8.03 895 78 17.10 18.50 
June, 1868 . .| Millretort . | Conqueror,(Empire) . , 2,87 899 86 18.09 18.63 


Capacity.—The low speed at which the stamps are generally run affords 


a much smaller working capacity than is common in Nevada and California. 


The average duty per stamp per day in Colorado, so far as it can be ascer- 
tained, is probably less than one ton of rock. In the Black Hawk mill, con- 
taining 60 stamps, weighing 850 pounds each, falling 14 inches, 15 times per 
minute, the average duty is said to be 27 cords per week, or about 30 tons 
per day, equal to half a ton per head. In other mills, with lighter stamps 
and greater speed, this duty is increased considerably, but only in few mills 
amounts to a ton per day. It is said by some that more gold is obtained by 
slow speed than by high; and it is quite probable that the difference in the 
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method of occurrence of the gold, and the nature of the minerals with which 
it is associated, as compared with the gold-bearing quartz of California, may 
require slower crushing, especially where amalgamation in the battery is re- 
lied upon for so large a portion of the product. Nevertheless, lighter stamps, 
shorter drop, and increased speed are coming more into favor, and experience 
will doubtless show in time what improvement is possible in this direction." 
It may also be a question, not yet satisfactorily settled, whether or not there 
would be greater economy in increasing the duty of the stamps and providing 
better or more extended facilities for amalgamation outside of the battery, as 
is the practice in some of the principal mining districts of California. 

Costs or Crusninc.—Concerning the costs of stamping, the available 
amount of statistical information is very meagre, because of the very little 
attention that is generally devoted, in this region, to the classification of such 
accounts. Many of the mills are placed at the mine, operated by the same . 
power and sharing with the mine the costs of fuel consumed; the ore, in 
such cases, being delivered from the mouth of the shaft directly to the 
stamps, without any exact record being kept of the quantity stamped. It is 
generally estimated that ore can be treated for $20 per cord in steam mills, 
while the average price, for custom work, is from $30 to $35 per cord. 
Milling accounts, available to the writer, show that, in the mills to which 
they refer, the actual costs were somewhat more than $20 per cord. Thus, 
in the mill of the Ophir Company, working on the Burroughs lode, the mill- 
ing costs, for several months of 1868, varied from $2 85 per ton to $4 62 per 
ton, the average, for over 1,300 tons, being $3 69 per ton. This, allowing 
seven tons and a half per cord, would make $27 67. In the mill of the Sen- 
senderfer mine, during the month of August, the costs of milling 30 cords of 
ore were stated by Mr. George T. Clark, the manager, at $700, equal to 


1Tn this connection the following comparative experience, related to the writer by 
the superintendent of the Black Hawk mine, is interesting. The Black Hawk mill has 
heavy stamps, running 15 drops per minute. The Eagle mill, near by, has lighter 
stamps, running 30 drops per minute. Some time ago both mills were working on the 
same ore, the loads being hauled alternately to either mill. The Eagle, with 20 stamps, 
crushed nearly 15 cords of rock, while the Black Hawk, with the same number, only 
crushed a little over 7; while the Eagle obtained nearly an ounce more bullion to the 
cord of ore than the Black Hawk did. 
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$23 33 per cord, or, converted into tons as above, $3 11 per ton. This does 
not include anything for hauling from the mine to the mill, which, in the 
instance last given, was $11 per cord. Mills run by water power are proba- 
bly able to treat ore for a considerably lower figure, but, as a rule, they are 
further from the supply of ore, involving not only a greater cost for hauling, 
but being more hable to interruption; the roads, at certain seasons preyent- 
ing, or being liable to prevent, the delivery of the rock. The occasional lack 
of water, and the consequent interference with steady operations, is also a 
contingency of a water-power mill that tends to increase the costs of work- 
ing, somewhat, in the long run. 

The chief items of expense in steam mills are fuel, labor, and repairs, 
including in the last term the replacing of shoes, dies, and other wearing 
parts. Besides these are water, when purchased, quicksilver, and other in- 
cidental expenses. Judging from all available data, the consumption of fuel 
is about equal to one cord of wood for six tons of rock stamped. In the 
Ophir mill, in 1868, in which the accounts were kept with much care, the 
quantity of ore crushed, per cord of wood consumed, during June, July, and 
August, was respectively 4.23, 5.66, and 5.23 tons. According to the tabu- 
lar statement, on a following page, showing, in detail, the operations of a 
number of mills, the quantity of ore crushed per cord of wood used, varies 
from 5 to 15, and appears to average about 6. The price of wood varies 
from $5 50 to $7 50 per cord. The cost of fuel, for milling, may therefore 
be placed at about $1 per ton of ore. 

The number of men required in a steam mill of ordinary capacity is 
seldom less than four, and more frequently five. Ina mill of 24 stamps 
there are usually 2 engineers, 2 stamp-feeders, 1 foreman, who may attend 
to the cleaning up and retorting; in addition to these an ore-passer is needed 
in some mills, assisting the feeders, wheeling in the rock and sledging the 
larger pieces, if there be no stone-breaking machine; and a general helper, 
in front of the batteries, attending to the disposition of the tailings or residue. 
In some mills these last-named men may be dispensed with; in others, two 
would not be sufficient for the work, the demand varying in different mills 
according to local conditions, the conveniences for handling the material, and 
the disposition made of it after having passed over the amalgamating tables. 
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As an average, six men may be considered necessary for a mill of the above- 
named capacity. 

The cost of labor of the class chiefly required in mills is, on the aver- 
age, $3 50 per day. Higher wages are paid to foremen and engineers, 
according to ability. Estimating the price of all labor at $3 50 per day, it 
appears from the statements of the various mills, as shown beyond in tabular 
form, that the cost for labor, per ton of rock, varies from 75 cents to $2, the 
average being very nearly $1 25, or possibly a little more. 

The cost of iron consumed in the wear of shoes and dies is stated by 
some mill men at $2 per cord of rock, or from 25 to 30 cents per ton. 
Taking the cost of repairs, as stated in the following table, and applying it to 
the capacity of the several mills, the average cost per ton of rock appears to 
be 35 cents. 

The cost for water, not for power but for use in crushing, is a consider- 
able item of expense to those mills that are under the necessity of purchas- 
ing it. Water is delivered by the Consolidated Ditch Company at the price 
of $1, or sometimes $1 50, per inch. This is the inch of miner’s measure- 
ment, or the quantity of water that will flow through an orifice one inch 
square in the side of the measuring box, under a certain pressure which, in 
this region, is understood to be six inches. Three inches of water, by this 
measurement, are required by the Ophir mill,* for which $3 are paid per 
diem, or about 18 cents per ton of rock. 

The loss of quicksilver, in the milling process, which is chiefly 
mechanical, a portion being swept away and carried off in the tailings, varies 
between one-twentieth and one-tenth of a pound per ton of rock. Its cost 
is about $1 per pound, in currency, amounting, therefore, to 5 cents or 10 
cents per ton. 

Adding together the various items referred to in the foregoing para- 
graphs, we have the following: For fuel, $1; labor, $1 25; castings and 
ordinary repairs, 35 cents; quicksilver, and water (when purchased), 25 


1 According to these data, the consumption of water in milling at the Ophir mill 
is about 400 cubic feet per ton. Many of the mills situated in Nevada Gulch are de- 
pendent on the Ditch Company for their supply, and as this is cut off in winter, they 
are unfortunately obliged to lie idle several months. 
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cents, making a total, including water, of $2 85; or, without water, of 
$2 60 per ton. Making due allowance for other supplies, not enumerated, 
extraordinary repairs and miscellaneous expenses, the estimated cost will 
accord closely with the figures just given as the result of the experience 
of the Ophir and the Sensenderfer mills. Of course the above items 
will vary considerably in different mills; the cost of fuel depends not only 
on the price paid for it but on the economy with which it it used, the 
kind of boiler employed, and the proper adaptation of all the machinery to 
its purpose; the same remark applies to the economy of labor, while in all 
mills an essential condition of cheap work is constant employment at full 
capacity. Inthe presence of favorable conditions, in every respect, the cost 
of milling may be something, perhaps considerably, less than that just stated, 
while in their absence it will increase accordingly. 

In water-power mills, as may be seen in the table given on a following 
page, the cost of working is very much reduced below that of steam mills. 
The cost of fuel is not only spared but the labor of the engineers and the 
expense of keeping the engine in order is also saved. 

The mill of Miley and Abbe, on North Clear Creek, has an excellent 
water-power and is very well arranged for economical work. According to 
the statements of the owners, as set forth in the following table, the cost of 
treating rock in this mill is 80 cents per ton. 

In the mill of Miley and Johnson, at Missouri City, the cost is said to 
be much less even than the foregoing, amounting to only 66 cents per ton. 
Such economy as is shown by these figures goes far toward balancing the 
disadvantages, already referred to, to which a water-power mill is subject, 
such as the occasional lack of water, the distance from the mine, and conse- 
quent liability to interruption in the supply of rock. 

YIELD oF THE orE.—The yield of the rock obtained by the ordinary 
crushing and amalgamating process, has been already stated as varying be- 
tween 4 and 15 ounces of crude bullion per cord of ore. The average yield, 
throughout the district, is probably 6 or 7 ounces per cord. Precisely what 
this is per ton is only to be arrived at, under the present methods of doing 
business, by a careful guess. 

The quantity of rock sent to the stamps is not very closely noted. Few 
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mines or mills incur the expense of weighing anything but first-class ore; 
the stamp rock is roughly measured as so many wagon loads, or car loads, 
and the quantity expressed in wood-choppers’ terms as so many “cords.” 
The weight of a cord of ore is variable, depending on its character. A cord 
of quartz, or poor vein-rock, unmixed with heavier minerals and broken in 
fragments of the size suitable for stamps, when loosely packed in a wagon or 
measuring box, would hardly weigh more than six tons and a half, or, if more 
closely packed, seven tons. A cord of pure iron pyrites, broken and packed 
in same manner, would weigh nearly twice as much. The weight of a cord 
of ore, therefore, depends on the proportion of pyrites mixed with the rock 
and the degree of fineness to which the stuff is broken, or the amount of 
space in the measuring box unoccupied by solid matter. According to these 
conditions a cord may weigh seven, eight, or nine tons or more. The aver- 
age of seven and one-half is probably not far from the truth. 

The difficulty of getting at the yield, precisely, is still further enhanced 
by the fact that it is commonly stated in ‘“‘ounces.” This means ounces of 
crude bullion, or retorted amalgam, which varies in value according to the 
amount of silver, base metals, and other impurities contained in it, and, as 
has been already shown, may be between $12 or $13 and $18 in coin. This 
value, moreover, may be expressed by some mill-men in coin, by others in 
currency, the relation of which to coin is also variable, so that to obtain 
the desired information, with something like a satisfactory degree of pre- 
cision, demands a persistent inquiry that sometimes appears to a busy mill- 
manager to be an unwarrantable curiosity about other people’s affairs. 

Considering the cord of ore equal to seven and one-half tons, and the 
average yield of the cord six ounces of retorted amalgam, worth $16 50 per 
ounce, the average yield of the ton of rock may be stated at $13 20 in coin. 
This accords very closely with the average deduced from the statements of 
many of the mill-men, which, as shown in the table of milling operations, 
amounts to $13 30, coin, per ton. 

Estimating the average yield of the cord of ore at seven ounces and one- 
half of amalgam, as some do, the yield per ton would be one ounce, or 


$16 50in coin. This, of course, refers to stamp-rock, leaving the first-class 
ore out of the question. 
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The percentage of the value contained in the rock which this yield 
represents cannot be very definitely stated, because the actual value of the 
ore before treatment can only be approximately estimated. But few assays 
of stamp-rock are made, and even if their number were multiplied many 
fold, the difficulty of getting fair representative samples of ore, in which the 
percentage of gold is not only very small but also very irregularly distributed, 
would stand in the way of obtaining absolutely certain results. The tailings 
afford more reliable samples, because by the crushing of the ore, and the 
consequent intimate mixture of its particles, the whole mass becomes more — 
uniform in character; but in the course of the milling process there is, doubt- 
less, a little, and possibly much, of the gold washed away in the stream and 
carried beyond recovery in the tailings. How much this may be is variously 
estimated and probably over-estimated by many. Judging, however, of the 
efficiency of the work by the contents of the tailings or residue alone, it 
would appear that the proportion of the original value of the ore that is 
extracted by the usual milling process, not including the subsequent pro- 
duct of the tailings, does not much, if at all, exceed 50 or 55 per cent. of the 
gold contained, and a small percentage of the silver, the value of which is, 
practically, unimportant. 

In this connection the following results of some experiments made by 
the First National Mining Company are interesting. This company, while 
working their claim, on the Burroughs lode, adjoming that of the Ophir, 
caused a series of assays to be made of the ore before sending it to the crush- 
ing mill. The quantity treated during the last four months of 1869 amounted 
to over 1,100 tons. A sample, consisting of a shovelful of rock, was taken 
from the front and rear end of each wagon load of ore, as it was sent from the 
mine. The accumulated samples of each week were mixed together and 
crushed, and one sample for assay obtained from the lot; thus affording one 
assay for about 80 tons of ore. The table shows the number of tons crushed; 
the assay value, in coin, per ton, as determined by the method just described, 
showing the proportionate value of the gold and silver, the yield per ton in 
coin, and the percentage of value obtained. The last column shows the rela- 
tion of the yield obtained to the assay value of the gold alone, disregarding 
the silver, since the percentage of that metal which is saved is not only very 
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small, in fact, but is left out of the account altogether by the banker who pur- 
chases the bullion. 


| Ss o & 9 
z : 3 cae os 
Assay value in coin per ton. > Oa mz os 
sa | Fe | SF sg 
Date. No. tons of ore. eas £ A g & 
a3 ‘A Uv ‘a 
ua | 882] 838 
Gold Silver Total Ea 52s 5 as 
al Ay «| & 
1869. | 
$23 35 $3 36 $26 71 $10 00 37-0 42.8 
Four lots amount- 20 04 x 56 21 60 12 00 55-0 60.0 
Seprempena a0 ti eo) A 3 88 6 
: ing to 316 tons. 24 80 15 0} 39 50 16.3 27.0 
22 73 15 47 38 20 9 85 26.0 43-0 
Week ending October 16 - 87 25 83 3 9° 29 73 I2 32 Anes. 47-0 
Week ending October 23 - 6034 20 67 | 2 86 23 53 7 72 32.8 37.0 
Week ending October 30 - 17 23 77 299 26 76 9 00 33.6 38.0 
October g to January 1, 1870 a 850 25 13 | I 94 27 07 Io 50 39.0 41.0 


@ Includes the three lots foregoing. 


From this it appears that the proportion of gold obtained varies from 
27 to 60 per cent. of the quantity originally contained in the ore, leaving 
from 40 to 73 per cent. remaining in the tailings. This is, of course, based 
on the assumption that the original assays of the ore fairly represent its true 
value. This may or not be the case, as the difficulty of obtaining fair average 
samples of such ore has been already pointed out, and the apparent want of 
uniformity in the results of working the several lots of ore, quoted in the 
table, is itself one indication of this difficulty ; but making all due allowance 
for this, the general result of the experiments may be regarded as an approx- 
imation to a truthful expression of the relation existing between the value and 
the yield of the ore in the case referred to. It would, however, be unfair to 
accept this result as the expression of that relation in the case of all the ores 
in the district, inasmuch as this experiment is based on the working of ore 
from only one mine in a single mill; and, further, the average yield of the 
ore in question is 25 per cent. less than that already shown to be the average 
yield of milling ores throughout this region. 

As a check upon the original assay of the ore the manager of the same 
mine has recently caused some assays to be made of the tailings, or residue of 
the ore after it has been milled. The following are the results of two dif- 


ferent lots: 
ial 
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Assay value of tail- 


ate 1 
Ouginaliassay wane Yield obtained in 


of ore in coin per : Per cent. ings in coin per Per cent. 
coin per ton. 
ton. ton. 


The average value of the tailings, produced by the mills of the district, 
is variously estimated; but they are generally believed, by those who. have 
given much attention to the subject, to contain about $10 or $12 per ton, in 
gold, and $2 or $3 per ton, in silver. 

The following statements present the results of a number of assays of 
raw tailings, or such as have not been subjected to any method of concen- 
tration. 

The first of the two series of assays, given below, was furnished to the 
writer by Professor N. P. Hill, manager of the Boston and Colorado Smelt- 
ing Works. These assays represent a better quality of tailings than the general 
average throughout the district. Some of them were old, produced years ago, 
when the richest ores, which are now smelted, were crushed and amalgamated 
in stamp-mills. They are given here to show the value of the better class of 
tailings; while the second series of assays, made by Mr. A. von Schulz, is 
believed to represent more correctly the average quality of tailings produced 
at the present time: 


Statement of Assays of Raw Tailngs from the records of the Boston and Colorado Smelting Works. 
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Samples of old tailings of Bobtailore- - - - - - I.29 $26 66 5.18 $6 68 $33 34 
Do. do. ----- = -97 20 O4 5 +34 6 90 26 94 
Samples of old tailings of Bobtail ore, (Sensenderfer) I.2 25 OL 4.13 5 32 30 33 
Samples of more recent tailings—Burroughs lode - 1.07 22 It 3-3r 4 27 26 38 
Do. do. do. 1.28 26 45 1.92 247 28 92 
Do. do. do. -96 19 84 3.87 5 40 25 24 
Samples of more recent tailings—Gregorylode - - +96 19 84 4.96 . 6 38 26 22 
Samples of more recent tailings from Kimber’s Mill 64 13 23 5.83 7 5 20 74 
Average value of eightsamples - - - - - - -- $or 65 -- $5 6x $27 26 


a? 
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Statement of Assays of Raw Tailings, made by Mr. A. von Schulz. 
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hoe Ss Soe. 6s Ss ahs 0.37 7 64 0.85 I I0 8 74 
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9 -------- -- See Traces. -- 1.45 x 88 x 88 
XO == = = - === - + - = 0.25 5 17 2.10 2 73 7 9° 
Average value of ten samples - - - - - - -- | $6 80 | - - $3 37 $10 17 


Assuming that the tailings contain, on the average, $11 per ton, in gold, 
disregarding the silver, and that the value of the gold obtained by milling is 
$13 50 per ton, it appears that 55 per cent. of the gold in the ore is extracted by 
the crushing and amalgamating process. ‘To this, in order to ascertain the total 
percentage of value obtained from the ore, should be added the product sub- 
sequently derived from working the tailings; and if, as may appear from what 
follows, this latter item amounts to 15 per cent. of the original value of the 
gold, the total percentage extracted in the stamp mill may be placed at about 
70 per cent. 

TREATMENT OF THE RESIDUES, oR TarLines.—It has been already shown 
that after the ore, crushed by the stamps, has run over the amalgamated copper- 
plates of the tables, it is variously treated in different mills. In some it is 
allowed to pass away in the tail-race without further attention ; in others it is 
collected outside in dams and worked over by some simple methods of con- 
centration. In many mills the tailing stream passes first over blanket sluices; 
the product of the blanket washings is then either ground and amalgamated 
in Bartola pans or sold at the Smelting Works; while the great mass 
of the tailings, having passed over the blankets, is subjected to still further 
processes of concentration. In one or two mills Rittinger tables are used. 
The dressed tailings, or the products of all these various methods of con- 
centration, are, in most cases, finally sold at the Smelting Works, where 
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the processes employed for their further treatment, as will be shown further 
on, are such that not only a large percentage of the remaining gold, but also 
of the silver and copper are extracted. Some of the methods of concentra- 
tion will be briefly noticed before proceeding to describe the Smelting 
Works. | 

The blanket sluices resemble generally those that have been already 
described in the chapter treating of milling in Nevada. They consist of a 
simple sluice or flat-bottomed trough, one or two feet wide and of indefinite 
length, the sides of which are formed by two strips of wood, two or three 
inches high. The sluices are slightly inclined, so that the stream may flow 
readily. On the bottom of the sluices are laid coarse blankets. The stream 
of tailings is allowed to run over these sluices and the heavier particles of ore 
lodge in the blanket, while the lighter particles are swept away. The blankets 
are washed out at regular intervals. The material obtained is usually a rich 
concentration. One lot of over 14 tons of blanket tailings sold by the Ophir 
mine to the Smelting Works gave, by assay, 12 ounces of fine gold and 10 
ounces of fine silver to the ton. The price paid for this lot was $210 per 
ton. Their yield, however, is not regular, and not often so high. In the 
Ophir mill they are usually treated in a small Bartola pan, a machine resem- 
bling somewhat in general character the common grinding pan described in 
a previous chapter ; the yield obtained varies very much, sometimes quite high, 
sometimes quite low, but is most frequently stated at about $20 or $25 per ton, 
in coin. The greater part of the tailings is subsequently treated in common 
square buddles. The buddle is along wooden box, about 4 or 5 feet wide, 10 feet 
long and 15 inches deep, fixed at a gentle inclination, so that the stream may 
run down through it readily, and so arranged that water may be supplied at 
the head, or upper end, and distributed evenly over the whole width of the 
table. The tailings are fed at the top, being thrown upon an apron above the 
head and washed down into the box by the stream. ‘The workman, standing 
at the side, by means of a broom or light scraper assists the even distribution 
of the material, and by sweeping it very gently upward, toward the head of 
the box, aids the separation of the heavier from the lighter particles, the 
former remaining near the head, the lighter being swept away by the current. 
When the buddle is full the contents are divided into three equal parts; that 
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which is nearest the lower end being allowed to run away, the middle por- 
tion returned to the apron to be treated again in the buddle as just described, 
while the headings, or the three feet nearest the upper part of the buddle, 
being the richest, is treated in a “keeve;” that is, agitated or stirred in a bar- 
rel or tub, and then allowed to settle, the heavier part collecting on the bottom, 
being the concentrated mineral; the upper portion of the stuff in the tub is 
returned to the buddle for a repetition of the process. Two men or a man 
and a boy are required to work one buddle. Tailings are generally dressed in 
this way at a cost of from $4 or $5 to $8 per ton of dressed tailings, accord- 
ing to various circumstances, mainly, the degree of concentration attempted. 
It is usually estimated that six tons of common or raw tailings produce one 
ton of dressed tailings. . 

At the Ophir mine the price paid for buddling was $7 per ton of concen- 
trated material produced, of which the average assay gave two and one-third 
ounces of fine gold and five ounces of fine silver per ton. The dressed tail- 
ings were sold at the Smelting Works at about $17 or $18 per ton. At the 
Brastow mill some old and rich tailings of high grade ores were concentrated 
in this manner so as to contain about four ounces of fine gold to the ton, and 
were sold at the Smelting Works at prices varying from $40 to $52 per ton. 

The following statement, furnished by Professor Hill, shows the gold and 
silver contained in various lots of dressed tailings purchased at the Smelting 


Works: 
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The price paid by the Smelting Company for these buddled (not blan- 
keted) tailings varies from $13 to $45 in currency, the average, perhaps, 
being about $20 per ton. 

In order to form an approximate estimate of the total percentage of the 
gold that is extracted by the stamp mill, we may assume, from the data al- 
ready stated in the foregoing pages, that 55 per cent. of the whole is obtained 
by the first crushing and amalgamation in the batteries and on the tables, 
leaving 45 per cent. in the tailings. Assuming, further, that the average 


value of the gold in these tailings is $11 per ton, and that six tons, containing — 


$66, are concentrated into one ton, the yield of which, taking a general aver- 
age of the product derived from working those that are blanketed, and from 
the sale of those that are buddled, may be placed at $22, it follows that one- 
third of the value of the raw tailings, or 15 per cent. of the original gold value 
of the ore, is extracted by processes subsequent to the first crushing and 
amalgamation; which, being added to the 55 per cent. previously obtained, 
gives a total of 70 per cent. for the whole course of treatment. 

It should be observed that when tailings are sold to the Smelting Works 
and there treated by the method to be described presently, instead of being 
worked in pans, as they frequently are in mills, the actual value extracted 
from them is considerably greater than that on which the above calculation 
is based. | 

The mills and milling methods of the gold-producing regions of Colo- 
rado are doubtless capable of many improvements, but it seems clear that in 
the present state of metallurgical science, the local condition of the country, 
the costs of labor, materials, &c., the stamp mill affords better means of 
working the low-grade ores than are offered by any other method yet at- 
tempted. Compared with all others it possesses the advantage of cheap- 
ness—a requisite condition in treating ores of such low average value, and, 
even in this particular, important improvements may be, and gradually are, 
being made. 

One great desideratum, in order to improve the efficiency of the process, 
and, at the same time, to reduce the cost of working, in some respects, appears 
to be the adoption of some suitable method of concentration, which, being 
combined with the present process of crushing and amalgamation, should ren- 
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der available the contents of the tailings in a more perfect and less expensive 
manner than is now done by the means generally employed. 

It has been already shown that, by the ordinary operation of crushing 
and amalgamating, about 50 or 60 per cent. of the gold contained in the ore 
is extracted, while nearly all the silver, and, practically, all the copper, are al- 
lowed to be wasted. ‘The value of these two metals, in a ton of ordinary ore, 
is too low to admit of their profitable extraction, except by some preliminary 
process of concentration, by means of which the valuable contents of several 


tons are brought into one ton, that may then be treated by smelting, or other ~ 


suitable methods. 

Any method of concentration, however, first requires the crushing of the 
ore, and that, in the present condition of milling experience, can hardly be 
done better than by the best and most improved stamp mills. If, therefore, 
the present system of crushing and amalgamating be retained, by which means 
a considerable percentage of the free gold is obtained, and the crushed product 
be then delivered, without rehandling or passing out of the mill, to the best 
kind of concentrating machinery, the concentrated product would contain not 
only nearly all the remaining gold, but also the greater part of the silver and 
copper, the whole of which could then be submitted to smelting, or other 
suitable processes, by which a very large percentage of its value should be 
profitably extracted. 

The desired improvements in concentration appears still more important 
when it is remembered that ores vary much in character, and that, in some, 
only a small percentage of the gold contained is readily available for amalga- 
mation, as practiced in the battery and on the tables. Whether this be due 
to the form in which the gold exists in the ore, or to some peculiar condition 
of the quicksilver, or to some other cause not fully understood, may be an 
open question; but it has often been observed by mill-men that ores having 
an equal value, when subjected to apparently the same process, will sometimes 
afford very different yields, some giving a high and others a low percentage of 
the value contained. A low yield, involving, under present conditions, a large 
loss, would be less important if, beyond the crushing and amalgamating 
machinery, there were other ample and efficient methods of concentration 
provided, by which the mineral that had escaped from the batteries and 
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tables without satisfactory treatment, would be certainly collected for a subse- 
quent and more effective process. 

Further, by providing proper means of concentration which should save 
all, or nearly all, the valuable portion of the crushed product, the capacity or 
duty of the stamps could be greatly increased, and the “expense, per ton, be 
thus considerably diminished. It has been pointed out that the speed of the 
stamps is very low, some making only 15 drops per minute, and the average, 


in the district, probably not exceeding 28 drops per minute. With this speed — 


the amount crushed is, on the average, less than one ton, per stamp, per day, 
‘and probably less than one-half the average quantity crushed, per stamp, in 
any other extensive mining region in the country, where a similar method of 
wet-crushing is employed. It is obvious that, if the quantity of rock crushed, 
in a given time could be doubled without much increasing the cost of labor, 
fuel, or other materials, the expense, per ton, would be very largely reduced. 
It is urged by many that the necessity for slow crushing is due to the peculiar 
condition of the gold, which, it is said, requires a long time for amalgamation 
in the battery. However this may be—and some experience already noted 
on page 555 makes it doubtful—it is still probable that the increased per- 
centage of gold saved by protracted crushing is a comparatively insignificant 
proportion of the whole amount obtained, and might be more economically 
saved by appliances provided outside the battery. In this particular, im- 
proved methods of concentration would to be useful. 

Some experiments were made last summer, at the Black Hawk mill, with 
the view of adopting improved concentrating machinery. A Rittinger per- 
cussion table was constructed and set up outside the building, and a lot of 
tailings were treated upon it. The table was not advantageously placed, nor 
established under so favorable conditions as would he provided for permanent 


use, but the results obtained, with the experimental lots that were worked | 


were very satisfactory, and it was then decided to build a sufficient number 
and place them in the mill in front of the batteries and short amalgamating 
tables, so that the crushed ore, after having yielded what it might to the 
quicksilver, could pass at once on to the tables and there be concentrated. 
The writer has been unable to learn under what conditions these tables were 
set up, or with what degree of success they have been operated; but the very 
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satisfactory results that have been generally obtained by the Rittinger table 
in Europe leads to the opinion that it should be well adapted to the treatment 
of our ores, in Colorado and elsewhere. It has already been described in one 
or two works published in this country, but it is deemed of sufficient import- 
ance to be noticed here, in connection with the subject under consideration. 

The following description of this percussion table is taken from Von Rit- 
tinger’s Lehrbuch der Aufbereitungskunde.t The drawings on Plate XXXIV, 
copied from the Atlas accompanying the above-named work, show the details 
of its construction. Fig. 1 is a front elevation of a double table; Fig. 2a plan; 
Fig. 3 a side view; Figs. 4, 5, and 6 show other details, to be noticed further 
on. This apparatus consists of a wooden table, or platform, about four feet 
wide and eight feet long, which is suspended by iron rods at the four corners, 
as shown at 8, b, Figs. 1, 2, and 3, presenting an inclined plane, over which the 
water and material, supplied at the upper end, may flow evenly toward the 
lower end. The table is so hung as to move freely, in a lateral direction, 
when acted upon by a cam, c, and may be thrown back by the action of a 
spring, d, so as to strike forcibly against a timber, e, firmly imbedded in the 
ground, by which means a shock is imparted to the table and the material 
upon it. 

The characteristic features of this table, as compared with the ordinary 
percussion table, already many years in use, are that the shock is applied at 
one of the long sides instead of at the end, and that it is self-discharging and 
continuous in its operations. On the old-fashioned percussion table the mate- 
rial being supplied at the upper end and evenly distributed across the width 
of the table by a stream of water, and the shock being likewise imparted at 
the same end, the tendency of the heavier particles is to move backward at 
each throw, or shock, of the table, while the lighter particles, following the 
impulse of the stream, move downward toward the front edge and are there 
- discharged. In the case of the Rittinger table all the particles which are fed 


1 Since the above description was written and the accompanying Plate engraved, 
the first supplement to Von Rittinger’s treatise (Erster Nachtrag zum Lehrbuche der 
Aufbereitungskunde) has been received. It describes several modifications in the 
construction and application of the continuous percussion table, for which, in detail, 
the reader must be referred to the original source, but the most important of which 
are noted here. : 

72 
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at the upper end and near one side, move downward with the stream, but as 
the percussion is applied at the opposite side, they obtain, at each throw of 
the table, a lateral motion, which varies in amount according to the density of 
the particles, so that the heaviest, the grains of ore, move entirely across the 
table to the side opposite to that at which they entered; the lighter particles, 
or grains of ore and gangue combined, move part way across, while the light- 
est, or grains of earthy character, move downward in a nearly straight line, 
describing curves such as are shown in Fig. 2, at a, a’, a’, a, a’. By this 
means a separation of the particles is effected according to their density, and 
as they are discharged at different parts of the front edge of the table, they 
may be received there in separate vessels or troughs, provided for the several 
classes, the first, consisting of nearly pure ore, being ready for smelting, or 
other metallurgical treatment; the second, consisting of mingled ore and 
gangue, may be returned for repeated dressing; and the third, nearly pure 
gangue, is allowed to run to waste. 

Fig. 4 shows the construction of the frame of a double table, consisting 
of two cross-pieces, f, and five longitudinal pieces, g. This frame is covered 
by hard-wood plank or boards which are smoothly dressed and carefully fitted 
together, forming the surface of the table over which the material for concen- 
tration is allowed to pass. The sides and upper end of this surface are fur- 
nished with bordering strips of wood, /, and a similar strip divides the surface 
longitudinally in the middle, thus forming a double table. ‘The lower end of 


the table is also furnished with short strips, 7, which may be moved on a pivot’ 


1 As the top of the table, hitherto constructed of maple boards, soon begins to rot or 
wear upon the surface, and thus to lose its desired smoothness, it is better to cover it with 
a stout, water-proof gum cloth, which must possess the requisite degree of smoothness 
or polish, so that the fine particles of slime may not adhere to it, and should be white or 
of light color, so that the dark streaks of ore may be clearly distinguished. The cloth 
should be applied to the table when warm, so that it may be well stretched under ordi- 
nary temperature. When stretched and nailed upon the table, the edges of the cloth 
are covered with narrow strips of leather, in order to prevent tearing; and at the upper 
end it is covered with a strip of zine, 10 or 12 inches wide, upon which the water and 
solid material fall from the distributing boards, passing thence quietly on to the cloth. 
Such a cloth-covering is said to last over a year, and to be especially well adapted to the 
treatment of the finest material; only the number of shocks must be increased for such 
to 120 or 150 per minute. 

? These pointed strips may also be fixed in any desired position or place by driving 
wooden wedges between them and a transverse piece of wood that crosses the table 
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toward one side or the other, and the upper ends of which are pointed, so as 
to assist somewhat in the division of the several classes of the material at the 
place of discharge. 

The lower end of the table is also pierced with slits, or apertures, 7 and 
k, Fig. 2, through which the material may be discharged from the table before 
reaching the lower edge, falling thus into troughs, or launders, which conduct 
the different assortments to their appropriate places. The outer one of these 
launders, /, receives the clean ore from the lower edge of the table; the second, 
i’, receives the “middlings” through the aperture 4 ; and the inner, 7’, receives 
the waste stuff through the aperture 7. 

Another arrangement for the disposition of the assorted material, without 
the use of apertures, is shown in Fig. 5, in which the poor stuff, or gangue, is 
discharged over the edge of the table into the launder 7”; the other two classes 
fall into the box m, which is divided into two parts, opening in opposite direc- 
tions, that part which is under the discharging point of the clean ore opening 
to the right and delivering the stuff into the launder J, the other part receiving 
the middlings and delivering into the launder 7." The table is suspended in 
an upright framework, as shown in the drawing, by iron rods, the length of 
which may be somewhat increased or diminished, as may be desired, by means 
of the screw near the point of support. ‘The percussion timber, p, forms a 
part of the frame of the table. One end of it rests against the timber e e’; 
being strongly pressed in that direction by the spring, d, which is attached to 
the other end. Motion is communicated to the percussion timber p, and thus to 
the table by rods, x, which connect it with a perpendicular rod, 0, against which 
the cams, c, strike. The rods x are attached to p by means of a nut, g, shown in 
Fig. 6, which moves on a screw, and may be adjusted, for the purpose of 
shortening or lengthening the stroke by turning the head, 7, When the cam, 
c, presses against the block at 0, it moves the table in a lateral direction, com- 
pressing the spring, d, which latter, as soon as the pressure of the cam is 
relieved, throws the table back against the timber, e, producing the shock, the 
force of which is regulated by a screw, s, applied to the middle of the 
spring and entering the framework above the table. The force of the stroke 


near the lower end and is supported above it by resting on the upper edges of the side 
and partition strips, h, to which it is nailed. 
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is increased by screwing the spring up closer to the frame, or diminished by 
withdrawing the screw.’ 

The distributing board, ¢, 1s divided into four parts, or aprons, for each 
single table, each of which aprons is provided with a group of distributing 
points. The material for concentration is supplied from a trough, w, and 
enters the table by the apron ¢’. Clear water, of which a supply is kept in 
the box w, the surplus flowing off through w’, is furnished thence, through sep- 
arate cocks, to the aprons Z’, z’, and ¢*, and thus distributed evenly over the table. 
Tn the manipulation of this table the following conditions are important: The 
surface of the table must be made as smooth as possible. The width of the 
apron from which the material for concentration is supplied to the table should 


not exceed 8 or 12 inches, clear water being distributed over the remainder. 


1In the improved arrangement, motion is imparted to the table in a somewhat dif- 
ferent manner, the cam acting directly upon the frame instead of by the means shown 
in Fig. 1; and drawing the table to one side and then releasing it for the movement in the 
opposite direction, by which it receives the shock, instead of pushing it as indicated on 
Plate XXXIV. ‘To effect this (the contrivance cannot be very clearly described with- 
out the aid of further drawings) the end of the percussion timber, p, nearest the cam is 
furnished with two stout iron plates, one attached to each side of the timber and 
extending toward the cam; the two plates are connected at their other ends by a cast- 
iron piece which fills the space between them, and the inner surface of which is curved 
so as to correspond to the curve of the cam. The latter revolves between the two 
plates, in the reverse direction from that indicated in Fig. 1, and, striking against the 
cast-iron piece, draws the table to one side. When the table is released by the cam it 
is drawn to the opposite side by the action of a spring, which, as in the case already 
described, is of wood} but is placed horizontally, the two ends being fixed and the mid- 
dle attached to the end of the percussion timber. When thus drawn forward the end 

of the percussion timber strikes against a buffer, which is firmly secured in an iron bed- 

plate that is screwed down to an underlying timber; and as the sharpness of the shock— 
an important condition for effective work—depends upon the firm position of this tim- 
ber, the latter is made long enough to extend entirely under the table to the opposite 
side, and is fixed by holding-down bolts to a solid foundation of masonry. The timber 
is connected with and braced by other timbers that are so laid in the masonry as to dis- 
tribute the shock as evenly as possible to the entire mass of the latter. The opposite 
end of the timber may serve as the foundation for the supports of the cam-shaft, one 
end of which is furnished with a driving-pulley and the other end with a 400-pound to 
600-pound fly-wheel, 3 feet in diameter. 

The movement of the table is guided by two uprights, one on each side of the per- 
cussion timber. 

The buffer is adjustable, and by advancing or retiring it, the length of the stroke 
imay be regulated. 
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If a very clean product is desired the width of the washing surface may be 
increased to 4 feet, making a total width of 5 feet; or, maintaining a total 
width of 4 feet, the distributing surface of the slimes may be reduced to a 
width of 8 or 9 inches. The inclination of the table must be adapted to the 
character of the material to be treated; it should be about six degrees for 
sands and three degrees for fine slimes. The supply of stuff to be treated should 
not exceed ~, of one cubic foot, containing 15 pounds of sands per foot; or 75 of 
one cubic foot, containing 6 pounds of slimes per foot. According to this a 
double table will treat in 24 hours 4.640 tons of sands, or 0,864 tons of slimes. 
The amount of clear water required is about the same quantity per foot of distrib- 
uting breadth as that which brings the ore upon the table; so that if the 
breadth of the ore-distributing surface is one foot, and that of the water-dis- 
tributing surface is three feet, the quantity required for one table will be for sands 
7 of one cubic foot per minute; and for slimes, 335, of one cubic foot per minute. 
The quantity of clear water must, further, be increased as the inclination of the 
table is decreased. ‘The outer edge of the table, that is the side opposite that on 
which the ore enters, should have a little more water than the rest of the sur- 
face, in order to carry off the heavier material that reaches that side. The 
number of strokes per minute is, for sands, 70 to 80; for slimes, 90 to 100. 
The length of each stroke depends upon the tension of the spring, d, by which 
the table is pressed against the block, e. The spring has a length of 11 feet, 
a breadth of 3 inches, and a thickness of 2 to 24 inches. If the spring has a 
tension of 180 or 200 pounds, the length of stroke shauld be for sands 24 
inches, and for slimes $ to ? of an inch. 

Under too strong tension of the spring the table makes its return move- 
ment too speedily for the desired action of the particles; the result is that 
they move in the reverse direction. The operation of the table demands great 
uniformity in treatment, especially as regards the number of blows and the 
quantity of water and of material. When the stream carrying the material 
upon the table contains less sand or slime per cubic foot than the maximum 
above given, the tension of the spring should be relieved and the inclination of 
the table diminished. Under ordinary conditions the average performance of 
a double table is from two to four tons in twenty-four hours, with a consump- 
tion of water of 1,000 or 1,500 cubic feet. One table requires 4 horse-power. 
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Statement concerning the Operations of 
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Working Bobtail ore ; very hard on shoes and dies. 


al Stamps. 
n 
: 4 is Bax le ea 8 ae 
Name of mill. Location. =I ga § s |ss g 2 3 
ak Sl eleah 2 ps2 
8 S Co Boras es cad 
a=| a ° ORO 3 ° 
= < PA iS) ve A 
New York - - - - -| North Clear Creek | 1861-1869) $35,000] 55 550 | 12 to 14 | 28to30 
Hurd’s- - - - - - =| North Clear Creek 1868 20,000 | 26 660 4 25 to 35 
Black Hawk- - - - -| Black Hawk- - - 1865 - -| 60 850 I4 I5 
Polar Star - - - - -| Chase Gulch- - - | 1867-1869| 330,000] 24 425 I4 30 
Chicago - - - - - -| North Clear Creek 1863 I5,000 | 20 450 14 40 
Nesmith & Company- -| Black Hawk- - - 1868 18,000 | 20 550 I4 35 
University - - - - -| Black Hawk - - - | 1863-1868 Io,000 | 15 500 5 30 
Holbrook- - - = - -| Black Hawk- - - 1863 7,000 | 13 500 14 30 
Miley & Abbe’s - -| North Clear Creek 1869 20,000 | 25 584 I2 28 
Sensenderfer - - - -/| North Clear Creek | 1863-1869 15,000 | 20 450 12 34 
Holman - - - = - -| BlackHawk- - - 1862 = 6 | 32 400 12 22 
Bates - - - - - = -| ChaseGulch- - - 1860 - - 8 425 12 30 
Smith & Parmelee- - -| Gregory Gulch - - | 1864-1869 25,000 | 25 550 I4 35 
Gregory, No.z - - -| BlackHawk - - 1863 = =| Zo 850 I4 15 to 17 
Star- - - - - - - -| Mountain City - - 1860 6,000 | 12 500 - 40 
Narragansett - - - -|Gregorylode - - 1864 50,000 | 40 750 I4 30 
Montana - - - - - -| Central City - - - 1865 90,000 | 30 750 12 40 
Pacific National - - -| Spring Gulch - - 1864 28,000 | 24 600 - 35 
Lexington - - - - -| NeyadaGulch - - 1861 40,000 | 24 | - = 18 36 
Gilpin Company’s- - -}| Nevada Gulch - - 1862 25,000 | 18 500 16 28 to 35 
First National - - - -| NevadaGulch - - == - -| 25 900 I4 . 28 
Ophir - - - - - - =| Nevada Gulch - - 1864 10,000 | 24 500 14 / 30 
Whitcomb’s - - - - -| NevadaGulch - - 1860 8,000 | 12 430 13 32 
Quartz Hill Gold Mining | Nevada - - - 1865 20,000 | 12 550 16 22 
Company. 
BUG oS oo 7 5 oll Nemée soo 47 aha 10,000 | 12 700 8 40 
Carondelet - - - - -} Quartz Hill - - - 1869 3,500 | 12 350 12 50 
Gleason & Company - -| Nevada - - - - 1869 2,000 8 650 15 27 
Miley & Johnson - - -| Missouri City - - 1869 Io,000 | 16 500 12 40 
Delaware- - - - - -| Russell Gulch - - 1868 12,000 | 15 500 12 24 to 28 
Perrin - - - - - - -| Russell Gulch - -| 1869 20,000 |4 7 | 65° = pore ao 
Lincoln -~= - - - - ~-| Russell Gulch - - 1863 12,000 | 12 625 14 24 
|Beloit - - = - = = —||LakeGulch = - —- 1860 6,000 | 12 450 16 24 to 32 
Trust = = = = = ==) Wake/Gulch) =)= = 1868 25,000 | 30 700 I4 20 to 30 
Winnebago - - - - -| Central City- - - 1868 20,000 | 20 500 15 30 
Eureka - - - - — -| Eureka Gulch - - 1860 5,000 | 18 450 15 25 
@. Quantity crushed is the work of 20 stamps. 
&. $15,000 for water power. 
c. Bates-Hunter ore. 
@. California ore. 
e. By water power. 
J. By steam power. 


Quantity crushed per 
day in tons. 


15 
15 to zo 
11 to 12 
11 tO 12 
26 
15 
Th 
We 
- 22% 
13 
1 
37% 
30 to 37% 
22% 
15 
11 to 12 
22% 
1834 
11 to 12 
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to to 15 
21 


Yield of rock in coin 
per ton. 


$rx 72 
I2 00 
IO 00 
ic $10 to d Sax 
I5 00 
9 00 
' 18 00 
I4 00 
k 24 90 
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35 Stamp Mills in Gilpin. County. 


iS 3 He Bos Pay Ee 5 
2 rs Men employed. 2s a5 Sg Gas 
2) g as a= ag to © 
q 6 Mel aE ge ag 26 
os oa H eI og “| 7 
QS og SE aa a 5 5 = 5 
eae aes le ae orate ah ules 
laid Pi ae 3 g F ‘ a8 piped ey ee ae 
Oo pe) ne] a! a we ag “4 K B ° a 
E = BS &p o ct $ aa aH a= ao 
i) i) oars) q o = ° Ca) ° og o + 
ow e) e) 3 fe fo) a oO OF 28 (o) 
Both 
; Steam | 2 to2!4| $5 25 to $6 00 2 2 5 $75 00 - - 20 $3 00 
“ Steam | 534 to6 5 00 2 6 3 Ir 225 00 - - 60 2 25to2 75 
3 Both 1% “5 50 2 4 I 7 75tO go oo - - | 35 to 40 | ¢2 coto £3 00 
Steam 24 5 00 2 2 = 4 I50 00 - - 12 2 40 
Both 1% 5 00 2 2 2 6 £ 400 00 - - 20 h 2 40to 73 33 
Steam 2 5 00 2 2 I 5 200 00 - - I5 250 
Both 1% 5 00 2 2 - 4 100 to 300 00 - - 16 2 50 t0 3 00 
Water} None - - = 3 = 3 80 00 - - 20 J 80 
Water} None - - 2 2 4 75 00 - - Io } 
Steam 1% 5 50 2 - I 3 30 to 50 00 - - | 20 to 30 300 7 4 
Steam |x to1¥4 6 09 2 = = 2 30 00 Se - - 250 | 
Steam 3% 5 75 2 2 4 8 125 00 - = 25 7175 | 
Steam - - -- - - - 4 75 00 2 16 2 25 to 2 75 f 
Steam I 6 00 2 2 - 4 I00 00 - - - - 3 50 { 
j Steam 3 8 00 2 4 I 7 I50 00 - - 20 
Steam 3 700 2 2 = 7 --- - - - - 2 00 } 
‘ Steam 2 7 00 2 2 5 9 25 00 - - - - 2 66 if} 
Steam 2% 7 00 2 2 I 5 50 00 $90 00 - - 3 50 
Steam 2 7 50 2 2 = 4 60 00 50 00 30 3 33 


369 55 
I00 00 
30 00 


40 00 


Water 
Water 
Water 


5O 00 
60 00 


Steam 30 00 


Steam 250 00 


Steam 
Steam 
Steam 
Steam 
Steam 


60 00 
60 00 


250 tO 300 00 i 
50 00 i 
18 00 H 
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i. Ordinary ore. 

z. Bobtailore. 

jg. When working on full capacity. 

&, All from Sensenderfer mine, Bobtail lode. 

Z, An apparent oversight, since wood and labor (the latter at an average of $3 50 per day per man) would amount to 
more than $2 per ton. ; 
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Srame Minis in Gitpin County.—There are about. 70 crushing mills, 
large and small, in Gilpin County, or in the gold-producing region, chiefly 
situated in the neighborhood of Nevada, Central City, and Black Hawk. 
The number of their stamps exceeds 1,300. Nearly all of these were 
at work in the summer of 1869, although some of them are old and 
out of repair, and a few others were idle, for other reasons, at the time 
referred to. In order to obtain some desirable statistical information con- 
cerning the operations of these mills, the writer addressed a circular to 
their proprietors, or managers, making a number of inquiries on the subject. 
The foregoing statement presents in tabular form much of the information thus 
obtained, concerning those mills from which replies were received. The 
information is here given just as it was received from each mill manager, 
except that, in stating the capacity of the mill, “cords” of ore have been con- 
verted into tons at the average rate of 74 tons per cord; in stating the yield of 
the rock, “ounces” of crude bullion, per cord of ore, have been converted into 
dollars and cents per ton; and the cost of working is given per ton instead of 
per cord, the calculation being made on the basis above indicated. There are 
a few apparent inconsistencies in some of the statements which the writer 
prefers to leave uncorrected than to attempt unauthorized changes. 


The following are mills not included in the foregoing statement: 


Name. Stamps. Name. Stamps. 

Reminie’s> sce 20 2 BS Pee Cee one 20 Dickinsonisy suite) Te Ver be Bysace pub ae eee 20 
Walker's: 00 Ee ers Wee greene nem era 12 Consolidated Gregory . -.-.,..- - 50 
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TREATMENT OF THE FIRST-CLASS OR SMELTING ORES.—The works of the 
Boston and Colorado Gold Smelting Company are situated in Gregory Gulch 
below the town of Black Hawk, a half mile below the junction of Chase and 
Gregory Gulches. The business of this concern consists in purchasing the 
selected ores of higher grade from the various mines, as well as, also, the 
dressed tailings from the mills, and treating them by the process of smelting 
for the extraction of the gold, silver, and copper contained. By the methods 
thus far introduced at the works these metals are obtained in the form of 
“matt,” which consists mainly of the sulphide of copper with sulphide of iron, 
containing, when concentrated to the required standard, from 50 to 60 per 
cent. of metallic copper, and having combined with it the gold and silver in 
varying proportions, but commonly about 40 or 50 ounces of fine gold and 
from 100 to 400 ounces of fine silver to the ton of matt. This crude metal, 
or matt, is at present shipped in that form to Swansea for refinement or part- 
ing of the several metals, as the necessary separation works have not yet been 
provided at the Colorado establishment. ~ The works for the treatment of the 
matt, that is the ultimate separation of the metals, not only involve a large out- 
lay of capital, but would, for economical operation, require a much larger supply 
of matt than could be furnished from the single smelting furnace at first provided. 
The company, therefore, deferred the construction of separation works until the 
business should be established upon a sufficiently broad and permanent basis. 
Within a year or little more the smelting capacity of the works has. been 
doubled, additional furnaces having been built, and it is understood that the 
necessary works for the treatment of the matt will presently be added; when 
the whole process will be performed at the company’s establishment at Black 
Hawk. 

The metallurgical process, therefore, so far as it is carried at present in 
Colorado, is confined to the preliminary concentration of the metals; that is, 
the gold, silver, and copper that may be distributed through 10, 20, or 30 tons 
of ore, or tailings, are brought together by smelting into one ton of matt, or 
crude metal; the final separation and extraction of the several metals being 
done elsewhere by methods not yet introduced into the Territory. 

The process employed for the production of the matt is not essentially 
different from that in use, during many years, in Europe, whence it was 
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brought. Its successful performance demands much practical skill and expe- 
rience, but its general features are familiar to all metallurgists, and are de- 
scribed in various works that treat of such subjects. 

An outline of the method of operations in the smelting establishment 
here referred to will suffice for the purpose of this chapter, while for a more 
minute description of the processes involved, the reader is referred to metal- 
lurgical treatises. 


The ores, as they ordinarily occur, disregarding the accessory or associ- 


ated minerals peculiar to some veins, which sometimes require modifications 
of the common course of treatment, consist essentially of iron and copper 
pyrites with a siliceous gangue, carrying from 3 or 4 to 10 or 12 ounces of 
fine gold to the ton, and silver in more variable quantities, though, usually, in 
the proportion of two ounces of silver for one of gold, and sometimes very 
much more. 

In the smelting process, the purpose of which is to separate the copper, 
and with it the gold and silver, from the earthy gangue, the sulphur plays an 
important part, since the desired ultimate result of the successive chemical 
reactions in the furnace is to obtain the copper in the form of sulphide, while 
a portion of the iron and other foreign elements are removed in the form of 
slag. An excess of sulphur in the melted charge is to be avoided, because, in 
such case, the matt produced will be made poor ky the presence of too much 
iron. A lack of sulphur, on the other hand, involves a loss of copper, since 
in the absence.of a sufficient proportion of sulphur the copper becomes scori- 
fied or taken up in the slag. The first step, therefore, in the treatment of the 
ores is to subject them to a roasting process, by which means a portion of 
the sulphur is expelled and a partial oxidation of the metals effected. If the 
roasting should be carried too far, the evil can be remedied by the addition 
of raw ore in mixing the charge for the smelting furnace. 

The proper mixture of the charge demands much practical knowledge 
of the processes involved and an intimate acquaintance with the character of 
the material to be treated, in order to adjust the proportions of the various 
elements to each other so as to effect the desired combinations and to insure 
other conditions, such as the formation of a liquid slag that may be distinctly 
separated from the heavier matt; since if the slag be thick, or not sufficiently 
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fluid, it will carry particles of the matt suspended in it, involving a loss of 
metal and the necessity of repeated fusion. 

The principal operations at the works consist in the preliminary prepara- 
tion of the ores, such as the breaking, weighing, sampling, and assaying of 
the various lots or parcels as they are delivered for treatment; roasting, 
which, in the case of hand-broken ores, is done in heaps in the open air, while 
tailings, the product of crushing in stamps, are roasted in furnaces; crushing, 
in rollers, of the roasted ore; smelting, for the production of matt, and the 
final crushing, packing, and shipment of the latter. 

~The ore, when first received at the yard, is deposited on a breaking-floor, 
where it is broken by hand to the size of a man’s fist, or something less. 
Being thus prepared for the roasting heap, it is very carefully sampled for 
assay. The method of obtaining a sample, which shall fairly represent the 
whole mass, is as follows: The ore, in order to be removed to the roasting 
heap, is shoveled into barrows, each of which is capable of containing 200 
pounds, and standing balanced on a scale. From each barrow, or, in some 
cases, from each alternate barrow, a shovelful is taken out and laid aside for 
sampling. When any given parcel of ore has thus been broken and weighed, 
the accumulated samples are taken together and reduced in size sufficiently 
to pass through a No. 4 screen—that is, a screen having four meshes to the 
lineal inch. The pile, having passed through this screen, is arranged in a 
conical form, divided into four quarters, of which two diagonally opposite 
quarters are taken, reduced still further in size so as to pass through a No. 8 
screen. ‘The operation of quartering and further reducing is repeated so that 
the material will pass through a No. 20, and subsequently, in similar manner, 
through a No. 40 screen, from which a final sample is taken, reduced so as to 
pass through a No. 80 sieve, and then assayed. By the assay of this sam- 
ple, the value of the gold, silver, and copper contained in the ore is deter- 
mined, and, in accordance therewith, the amount to be paid for the parcel is 
fixed by the established scale of prices, given on a following page. 

In shoveling the ore into barrows, for the purpose of wheeling it to the 
roasting yard, it is thrown on a screen, by means of which the finer por- 
tion is separated from the coarse pieces, the former being reserved for cover- 
ing the latter when laid up in heaps for roasting. 
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The roasting of the ore in heaps, or mounds, is a slow but comparatively 
cheap process. A single heap usually contains some 30 or 40 tons of ore 
and requires five or six weeks for the operation. In preparing it, a bed of 
cordwood, about, 16 feet square, is Jaid as the base of the pyramid that is to 
be composed of ore. Directly upon the ground a course of thick billets of 
wood is laid, the sticks being parallel, but at a little distance apart, so as to 
permit the passage of a current of air. Above this, other courses of wood are 
laid more closely and crosswise, forming a bed about 5 or 6 inches thick, requir- 


ing altogether about a cord of wood for a single heap. A wooden chimney, — 


or box flue, 9 or 10 inches square, is set up vertically in the center, passing 
down through the bed of fuel and reaching above the top of the heap. A 
small quantity of charcoal is put in at the bottom of this box or chimney, and 
the heap is ignited, when ready, by setting fire to the coal. The ore is formed 
into a heap about 4 or 5 feet high on this foundation and around the central 
chimney. The larger pieces are placed on the inside and the whole covered 
on the outside by a layer of fine stuff. This is so disposed as to control the 
rate of combustion, promoting it, if too slow in any part, by opening a pas- 
sage for the draught, or checking it, if too rapid, by covering more closely. 
The heaps, when burning, require only sufficient attention to insure a proper 
rate. If allowed to burn too rapidly, the ore slags; or, if too slowly, the cal- 
cination is imperfect and the fire may go out altogether, requiring rehandling, 
with a loss of time and money. To break the ore, weigh it, wheel it to the 
yard, and lay it up in heaps, costs $2 30 per ton. 

Tailings, owing to their fine condition, cannot be roasted in heaps, and 
must be treated in calcining furnaces, of which there are two. They are 
about 30 feet long by 10 feet wide, inside. The fireplace, separated from 
the hearth by a bridge about 15 inches high, is at one end of the furnace; 
the flue at the other end. The bottom of each is flat, and is a single course 
of common brick laid on a solid stone or rubble foundation. It is laid as 
three hearths, on slightly different levels; the first, about one-third of the 
total length, and most remote from the fireplace, is about 4 inches higher 
than the middle, which, in turn, is about 4 inches higher than the remainder, 
next the fireplace. The sides of the furnace are little less than 2 feet high, 
and the top is slightly arched over from side to side. In one side of the 
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furnace are six small doors through which the charge is introduced and stirred 
while in the furnace. The charge being put in at the end most remote from 
the fireplace, is gradually heated on the highest hearth, and, as the charges 
preceding it are advanced, it is moved on to the next hearth, making room for 
a new one, and so on, until on the third or lowest hearth, next the bridge, it 
is subjected to the highest heat. Each charge consists of one ton to a ton 
and a half of material, and three charges are put in during twenty-four hours, 
each charge remaining on each hearth nearly three hours. While in the 
furnace the charge is constantly stirred. Two men are required on each 
shift for each furnace; and one cord of wood is consumed in twenty-four hours. 
The capacity of each furnace is from three and one-half to four tons per day. 
The costs of treatment are said to be $5 per ton 

The hand-broken ore, after being roasted or calcined, is prépared for the 
smelting furnace by crushing. This is done by Cornish rollers, of which 
there is a single pair; the rollers are 26 inches in diameter. In the crushing- 
house is also a Dodge crusher, for preliminary crushing of the larger pieces, 
chiefly used for breaking up matt that is of too low grade for shipment, and 
which, consequently, has to be subjected to a second smelting. After passing 
through the rollers, the crushed product falls upon a No. 4 screen, that which 
is fine enough to go through being carried to the smelting furnace, while the 
coarser portion is returned to the rollers. 

The material, ores and tailings, having been calcined and crushed to the 
desired fineness, is then ready for the smelting furnace. This is a reverbera- 
tory, and resembles the melting furnace generally used in England for copper 
smelting. The foundation of the furnace is of solid stone, with a vaulted space 
under the hearth. The latter is 14 feet long by 94 wide, inside; oval in shape 
or horizontal section, the smaller end being near the stack. The fire grate, 
at the opposite end, is 5 feet by 4, separated from the hearth by a bridge, 18 
inches high. The arch is 18 inches high above the bridge, and slopes toward 
the opposite end, its mean height above the hearth being about two feet. 


1 Jn addition to the calcining furnaces just described, there are two Gerstenhofer 
furnaces, designed for the same purpose. These furnaces, however, have not yet been 
operated satisfactorily, owing, it is said, to the poor quality of the fire-brick employed 
in their construction. 
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The working or skimming door, for the removal of the slag, is at the end near 
the stack, which latter stands at the corner of the structure, connected by a 
flue with the interior of the furnace. The skimming plate, which forms the 
sill of the door, is of cast iron, 9 inches thick and 8 or 9 feet long. In one 
side of the furnace is the feeding door, and on the opposite side is the tap. 
The bottom is slightly concave, or sloping toward the tap. The concavity is 
but a few inches below the skimming plate. The bottom is made by first 
laying, upon the prepared foundation, a flat floor of fire-brick, about two feet 
below the surface of the hearth. This is covered with a layer of finely- 
pounded flint, which, after being strongly heated during several days, is again 
pounded, and then covered by another layer of same material, mixed with 
slag. The sides of the furnace are 12 inches thick; the top is one course of 
brick, set on end. The whole structure is tied together by means of timbers 
connected by iron rods. ‘The stack is 54 feet high, having a section at top of 
27 inches square, increasing slightly toward the bottom. 

The charge, weighing about two tons, is composed of different grades of 
calcined ores and tailings, with, sometimes, a little raw ore, or some rich slags 
of previous melting, so mixed as to adjust to each other the proportions of 
silica, iron, copper, sulphur, and other component parts, as may be desired. 
No other material is usually mixed with it. Six or seven hours, and some- 
times more, are required for the smelting of each charge. When finished, the 
slag is drawn out through the skimming door by means of iron rakes, and is 
cast in sand molds of convenient size for handling. ‘These are broken up and 
carefully inspected, as a certain portion on the bottom usually carries some 
particles of matt with it, and must be remelted; that which is sufficiently poor 
is thrown away. The matt resulting from the charge remains in the furnace, 
and another charge is introduced to increase the quantity of matt or metal, 
which is usually tapped off after about a ton has accumulated; it is finally drawn 
off through the tap, and cast in sand molds. If not sufficiently rich for shipment, 
it is broken up, and the concentration carried still further by repeated smelting. 
Usually from four to five charges, or from eight to ten tons of ore, produce 
one ton of matt. Under favorable conditions each furnace may yield one ton 
of matt per day, but it is not commonly quite so much. This matt, if made 
from the best ore, is rich enough to ship after the first melting, but the 
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greater portion of it is not brought up to the required standard without remelt- 
ing. Under existing conditions it is desirable to produce for shipment a matt 
that contains about 50 per cent. of copper, with 40 or 50 ounces of fine gold, 
and between 100 and 200 ounces of fine silver to the ton. The loss in smelt- 
ing for the production of matt is said not to exceed 5 per cent. of the assay 
value of the ore. 

Each furnace is in operation night and day, and requires two men con- 
stantly, and four when charging the ore. It consumes from 10 to 12 cords of 
wood per day, which costs $6 per cord. A full and detailed statement of the 
costs of producing matt for shipment is not in the writer's possession. The 
matt, being concentrated to the desired quality, is then broken in the crusher 
and passed through the rollers; then packed in small sacks of stout canvas, 
sewed up, and shipped to Vivian & Company, of Swansea. The costs of 
packages, handling, freight, commissions, &c., not including anything of the 
cost of treatment after arrival, are stated at about $120 per ton of matt, which, 
per ton of ore, will depend on the degree of concentration which the matt rep- 
resents. 

It has already been said that the proprietors of the Smelting Works pur- 
chase their supplies of ore from the miners, or producers. The following 
paragraph contains the scale of prices, according to which such purchases are 
generally made. The schedule is not invariably adhered to, but is modified 
occasionally according to the peculiar character of a given parcel of ore, or to 
suit extraordinary conditions. It serves, however, as a general basis of cal- 
culation." 

The scale is graduated according to the number of ounces of fine gold 
contained in the ton, or 2,000 pounds, of the ore. Thus, for ores containing 
any number of ounces, as expressed in the left-hand column following, the 
price paid is the corresponding percentage, expressed in the right hand col- 
umn, of the value of the gold and the copper contained. 


1 Intelligence lately received from Colorado is to the effect that the prices paid for 
ores, since January 1, 1870, are higher than those indicated in the scale here given. 
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‘In calculating the value of ore, according to the above scale, the ounce of 
fine gold is reckoned at $20, coin, and the unit of copper at $2. The copper 
unit, however, is to be reckoned on the English ton, and as the ores are as- 
sayed and purchased by the short ton, a deduction of 12 per cent. is made on 
the copper assay. ‘Thus, if an ore is found to contain 8 per cent. or units of 
copper, worth, according to the above scale, $16, a deduction of 12 per cent. 
is made to adapt it to the English ton. Moreover, the copper is determined 
by wet assay, from which 14 per cent. is to be deducted for working loss, so 
that, if the percentage of copper contained in an ore does not exceed 12, no 
account is made of it in estimating its value. . 

In addition to the above, the silver is paid for at the rate of 75 cents per 
ounce, after deducting from the number of ounces contained per ton as many 
ounces as there are units of copper, a rule said to be enforced at the Swansea 
works. These values are all in coin; they are paid in currency, allowing the 
premium that rules at Central City on the day of settlement, usually 4 per 
cent. below the rate at New York. 

As the great bulk of ores produced from the veins about Central City 
are essentially gold-bearing, these Smelting Works have comparatively little 
occasion to treat true silver ores; or such as are chiefly valuable for their sil- 
ver, and carrying little or no gold. The proportion of this class of ore has 
increased, however, of late, especially since the discovery of rich silver-bear- 
ing veins, a mile or thereabouts below Black Hawk, in the neighborhood of 
Slaughter-house Gulch, and it is reported that a furnace, specially designed 
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for their treatment, will soon be built. Such ores are purchased at the works 
according to an established scale of prices, which, as it does not differ much 
from a similar schedule fixed by the Georgetown Smelting Works, and given 
in the following chapter, need not be repeated here. 

The following table, prepared from data furnished by Professor Hill, 
shows the average contents, in gold, silver, and copper, of various lots of ore 
produced from different mines, and sold for smelting: 
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The works of the Boston and Colorado Smelting Company were built 


during the summer of 1867, and begun smelting operations in February, 1868, 
Since that time their capacity has been largely increased, and, during the past 


year, was quite equal to, if not a little in excess of, the supply of ore. They 
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are managed by skillful and experienced men, and, it is said, have been profit- 
ably conducted. ‘The establishment has been and is of great advantage to the 
district, affording, as it does, the best and almost the only suitable method of 
treatment that has yet been introduced for the first-class ores. 

The first shipment of matt was made from these works in June, 1868. 
A complete statement of the shipments since that time is not in the writer’s 
hands, but from available data may be estimated at about 25 tons of matt per 
month, containing, on the average, 40 ounces of fine gold, 200 ounces of fine 


silver, and 40 per cent. or 800 pounds of metallic copper, per ton. This is 


equal to 1,000 ounces of gold, 5,000 ounces of silver, and 20,000 pounds of 
copper, per month. The gross value of these metals, thus shipped, is about 
$30,000, coin, per month, or $570,000 from date of beginning to January 1, 
1870. 

CuLorination Worxs.—These works were established in this district in 
1868, by Mr, Cash, a gentleman who had already had a considerable expe- 
rience at Grass Valley, in California, in the treatment of auriferous pyrites by 
the chlorination process. It is the purpose of this process to extract the gold 
by first converting it from the form in which it exists in the ore into that of 
the soluble chloride, obtaining this in an aqueous solution, and then precipi- 
tating the gold, in the metallic state, by the sulphate of iron. This process 
has been successfully employed in Europe during many years, and was intro- 
duced in California about ten years ago, where it has given great satisfaction. 
It was brought to Colorado by Mr. Cash with the purpose of treating tailings, 
but owing to various hinderances had not entered upon regular operations at 
the date of the writer's visit in 1869. One cause of this delay is said to be 
the low value of the material to be treated, the tailings having been formerly 
supposed to be much richer than now appears to be the case. It is now 
reported that the establishment will be provided with some suitable crushing 
machinery and be employed in the treatment of first-class ores. The works 
consist of one reverberatory furnace in which the ores are subjected to a 
chloridizing roasting; four large chlorination vats, or tubs, in which the roasted 
material is subjected to the action of the chlorine gas; the necessary apparatus 
for generating chlorine; two precipitation tubs, in which the gold is thrown 
down by sulphate of iren; and a small melting furnace, for running the metallic 
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gold into ingots. The present capacity of the works is about three tons per 
day. For a full description of the chlorination process, the reader is referred 
to Guido Kiistel’s “Concentration and Chlorination.” 

The California Reduction Works, another establishment designed for the 
working of high-grade ores, especially those rich in silver, are situated near 
Black Hawk. They have not been in constant or regular operation during the 
past year or two. The process employed is that of chloridizing roasting, per- 
formed in a Briickner cylinder, and subsequent amalgamation in barrels. 
This is essentially the same as that which is in use at Georgetown, and noticed 
with more detail in the next chapter. 

Propuction oF Gipin County.—The total value of the bullion produced 
in Gilpin County during the past two years may be very nearly ascertained 
by adding to the aggregate shipments of the three banks of Central City the 
value of the matt shipped from the Boston and Colorado Smelting Works. 
Nearly all the bullion produced in the county is shipped in one or the other of 
these two forms; the crude bullion, obtained in the stamping-mills, being 
either sold to the bankers or shipped through them; while the value of the 
first-class ore is represented in the matt. The amount that leaves this part of 
the country in private hands, or by other means than those just indicated, is 
thought to be insignificant by those who are very competent to judge. 

A record of the bank shipments, during the period referred to, has been 
very carefully kept by Mr. Frank C. Young, cashier in the banking-house of 
Warren Hussey & Co. The following is Mr. Young’s statement, showing the 
coin value of the aggregate shipments of the three banks at Central City 
during the years 1868 and 1869: 
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Total coin value of gold shipments from the banks during two 

VATS ~ ace: eve eee ele re ener eee areca one care eee $2, 555, 000 
The gross coin value of the gold, silver, and copper contained in 

the matt shipped from the Boston and Colorado Smelting 

Works, during the same period, may be estimated as follows, 

in accordance with a statement on a foregoing page: 


Goold -.2<seu -act cere eee En te ee $390, 000 
Silver oc. .cc0) seen ee 2) 122; 000 
Copper <= .0 2 0 aoe a ae 57, 000 


570, 000 | 


Total coin value produced and shipped in 1868 and 1869.. 3, 125, 000 


The above statement makes no allowance for undervaluation of bankers’ 
shipments, amounting to five or ten per cent. In the estimate of the total 
bullion production of the Territory, given on a foregoing page, this element is 
taken into account. 


CHAPTER X. 
SILVER MINING IN COLORADO. 


SECTION I.—GEORGETOWN SILVER-BEARING VEINS—TERRIBLE, BROWN, U. 8. COIN, 
SHERMAN MOUNTAIN, BAKER MINE, EQUATOR, ARGENTINE, TUNNELS. 

SEcTION IL—TREATMENT OF THE ORES—SMELTING WORKS—AMALGAMATION 
WORKS—CONCENTRATION—PRODUCTION. 

SEcTION I1I.—SNAKE RIVER MINES. 


SECTION I. 
GEORGETOWN MINES. 


The most productive silver-mining district in Colorado, at the present day, 
is that of which Georgetown is the center. Indications of its mineral wealth 
were discovered in 1859, but the developments then made were not very 
extensive. During several years following the district was prospected by a 
few parties, but it was not until about 1866 or 1867 that the mining enterprise of 
the region began to assume the importance which it now possesses. About 
that time new and valuable discoveries were made which gave a fresh incen- 
tive to exploration; many veins of more or less value were opened and pros- 
pected, a few of which have already proved to be productive and profitable 
mines, while many others, though less extensively worked, have afforded 
encouraging results. Metallurgical works of various sorts have since been 
erected, and are now steadily employed in the treatment of the ores; a town 
containing 1,500 or 2,000 inhabitants has been established and provided with 
good hotels, postal, telegraphic, and express offices, churches, schools, and other 
essentials of civilization; the mines are being persistently developed, and the 
value and importance of the region appear to be steadily, if not rapidly, 


increasing. 
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The district is located in the elevated portion of the mountain range, 
on the southern and upper tributaries of South Clear Creek. George- 
town is situated at the confluence of two beautiful mountain streams, 
which, descending from the crest of the range, through deep and sharply- 
cut ravines, to their point of junction, unite there to form the South Branch 
of South Clear Creek, which flows thence in a northerly and easterly direc- 
tion, about four miles, where it joms the main stream known as South 
Clear Creek, at a point about four miles below the town of Empire. Thence 
the stream flows on in an easterly direction, fifteen miles, to its junction with 
North Clear Creek, a point still in the elevated mountain region, and twelve 
or fourteen miles from the foot-hills. Thence, as Clear Creek, and by this 
time a respectable mountain river, it flows on, emerging from the foot-hills at 
Golden City and emptying into the South Platte, a few miles below Denver. 

The country about Georgetown is of an exceedingly rugged, mountain- 
ous character. The town itself is over 8,000 feet above the sea. The valley, 
from the fork of the stream, where Georgetown is situated, to its junction 
with South Clear Creek, is narrow and deeply cut. Near the town it is from 
500 to 1,000 feet wide from the base of the hills, on one side, to that on the 
opposite side, and its comparatively level bed affords a favorable site for settle- 
ment. The mountains rise very abruptly, almost precipitously in places, to 
the height of 1,200 or 1,500 feet above the stream, Although very rocky, 
their sides are partly covered by timber. Ascending either fork of the 
stream, above the town, the observer finds a narrow valley, on either side 
of which the mountains rise steeply 1,500 or 2,000 feet high, cut here and 
there by sharp lateral ravines. Between the forks of the stream, Burrell 
Mountain rises directly behind and south of the town; the crest of the spur, 
of which this mountain forms the end, turns to the westward, ascending 
toward the summit of the main range, its successive peaks or higher points 
beyond Burrell Mountain being locally known as Leavenworth, Pendleton, 
and McClellan Mountains. On the north side of the right-hand fork, which 
has an east and west course for three or four miles above the town, is 
Sherman or Republican Mountain, and beyond that, further west, and sepa- 
rated from it by a narrow ravine, is Brown Mountain. | 

Below the town the mountains are locally termed, on the left hand or 
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west side of the stream, Democrat, Columbia or Colfax, and Douglass Moun- 
tains, the latter being at the confluence of the south branch with South Clear 
Creek. On the opposite or eastern side of the valley, a half-mile below the 
town, is Griffith and Summit Mountains. In all these hills, and in others 
adjacent, whose names have not been mentioned, the work of exploration has 
been carried on, and, in some cases, attended with very important results. 

Tue Veins.—The veins of the Georgetown district are highly argen- 
tiferous, but they contain little or no gold. Some of them are reported to 
be slightly gold-bearing, but so far as the writer's observation extends, the 
typical veins of the region have no gold whatever. The country-rock is 
generally granite and gneiss, presenting many lithological and mineralogical 
varieties. The prevailing character is, perhaps, gneissic, but many varieties of 
structure and mineral composition occur in close proximity to each other, and 
sudden and frequent transitions from one form to another may be observed 
throughout the district. 

The veins, generally, are not very wide. Like the gold-bearing lodes of 
Gilpin County, they present among themselves a striking similarity in course 
and dip; and, further, the prevailing direction is very nearly the same as that 
of the veins about Central City. With rare exceptions, the course of veins, 
observed by the writer in this district, is between due east and west, on one 
hand, and north 55° east on the other. The last named course, itself some- 
what exceptional, is that of the Equator, one of the most prominent lodes of 
the district. The Terrible, another of the most distinguished veins, strikes 
north 77° east, while the majority of veins, less developed than those first 
named, have a course of due east and west. In this statement the true course 
is spoken of, allowing about 15° easterly variation in the magnetic course. 
The veins dip generally at a high angle, in many cases vertically. Like those 
of Gilpin County, they are regular, well-defined fissures, and are not faulted. 
Their other natural features, the character of the gangue and ore, and the 
mode of occurrence and value of the silver-bearing and other associated min- 
erals, will be more fully shown in the following description of some of the 
best developed and most important examples. 

TrRRIBLE.—The Terrible mine is located on Brown Mountain. This 
mountain is one of those on the north side of the right-hand fork of the 
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stream above Georgetown, and is three miles distant from the town. The 
hillside rises very steeply from the bed of the valley. The lode on which 
the mine is located bears the same name; it crops out on the southern slope 
of the hill, several hundred, perhaps a thousand, feet above the stream at the 
base. It is said to be clearly traced for 2,000 or 3,000 feet along the hill-side, 
but it was discovered and has been chiefly developed in the immediate neigh- 
borhood and on the west side of the ravine that divides Brown Mountain 
from Sherman Mountain. 

On Plate XXXYV will be found a longitudinal section of the mine, which 
represents the extent of the work that had been accomplished at the end of 
August, 1869. The following are some of the results that appear from these 
developments. 

The course of the lode is 62° east of magnetic north, or about 77° east 
of true north, coinciding nearly with the trend of the hill. Its dip is vertical 
to the depth of 80 feet, where it inclines slightly to the north at an angle of 
75° from the horizon. The width of the vein is from 1 to 5 feet. The 
country-rock, where observed by the writer, is a close-grained granite, con- 
taining reddish feldspar and a fine black mica. The walls are very well 
defined ; they frequently show polished and striated surfaces and are usually 
separated from the main filling of the fissure by selvages of clay an inch or 
two in thickness. The filling of the vein consists usually of an ore-seam 
which is from 2 to 14 inches thick, averaging about 8 inches, and with this is 
associated a gangue rock of somewhat varied character. The gangue, appa- 
rently most intimately associated with the ore, is a mixture of quartz and 
feldspar, the latter being sometimes in coarse particles. Sometimes this 
material is talcose and finely laminated. Gangue of this character almost 
always, if not invariably, accompanies the ore, frequently occupying the space 
between the several seams of pay-mineral. In other parts of the vein, and 
often closely associated with the foregoing, the vein-rock appears to be com- 
posed of quartz, feldspar, and mica, presenting the appearance of true granite. 
These two kinds of gangue rock sometimes occur separately, sometimes 
together; in the latter case there is usually a marked difference in their 
appearance, hardness, color, and mineral composition, which suggests that 
they are of different age or origin. 


Plate XXXV. 
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The ore consists chiefly of galena and zincblende with some iron and 
copper pyrites; with these are associated some rich silver minerals, compris- 
ing stephanite, silver glance, fahlerz, some native silver, and, occasionally, ruby 
silver. The galena is thought to be quite rich in silver, which may also be 
true of the zincblende, but the great value of the ore is probably due to the 
abundant occurrence of true silver minerals. The gangue mineral most fre- 
quently found with those just named is crystallized quartz, with which are 
associated fluor spar, heavy spar, and others in small proportions. 

The ore-seam, where seen by the writer, was generally compact, occur- 
ring sometimes on the south wall and sometimes on the north wall of the 
vein. Occasionally, however, it is split up, forming a number of parallel 
seams. A narrow selvage of clay divides it from the wall of the vein, and 
sometimes from the accompanying belt of gangue rock. The minerals com- 
posing the seam are often crystallized, and vugs, or cavities with crystalline 
linings, are frequently met with. 

Fig. 2, on Plate XXXYV, represents a transverse section of this vein at 
a point observed and sketched by Professor Schirmer, an educated mining 
engineer, formerly residing at Georgetown and connected with the Terrible 
mine. The alternating seams of ore and accompanying gangue are clearly 
shown. According to the view of Mr. Schirmer, who has had occasion to 
study closely the formation of this vein, the middle mass of gangue rock, e, is 
of later origin than the other material on either side, having intruded itself 
into the vein, widening the fissure, and producing the slickensides, or polished 
surfaces, that may be observed on the planes of contact between it and the 
older rock, a. This view is also supported by the occurrence, in the supposed 
newer rock, of imbedded fragments of quartz several inches thick. 

Fig. 3, on same Plate, is a somewhat similar section, taken in the 
Brown lode, a vein occurring near the Terrible; but in this case the differ- 
ences between the masses of gangue rock are less clearly distinguished. 

The value of the ore may be best shown by the following statement. 
The developments made in the mine comprise the sinking of the main shaft, 
185 feet deep; the driving of the three levels shown in the section, the upper 
one being 310 feet in length, and the stoping, which is also indicated. The 


whole extent of ground stoped, at the time referred to, was 60 or 70 fathoms. 
75 
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From this work were produced’ 98 tons of ore that yielded $560, coin, per 
ton; 29 tons shipped, or ready for shipment, to Newark, having an average 
assay value of $642, coin, per ton, but from which the returns of actual yield 
had not been received ; 68 tons of second-class ore, of which 48 tons, worked, 
yielded $210, coin, per ton; besides which, it is said, there are from 1,200 to 
1,600 tons of third-class ore on hand, consisting of inferior quality of vein- 
matter mixed with small particles of rich ore, broken in the mine and on the 
assorting floor, the whole of which is estimated to contain, by assay, $80 to 

$100 per ton. This material must be concentrated before treatment. . 

This mine was discovered in the winter of 1866—67, and has been devel- 
oped gradually by a small force on a careful and economical basis. ‘The ori- 
ginal outlay of capital is said to have been small, and the profits of the work 
considerable, but the writer has no direct information on that point. The 
costs of mining cannot be very closely estimated from the available data. 
Sinking costs $40, currency, per foot; drifting, $20 per foot; stoping, $40 per 
fathom. The mine is provided, at the mouth of the shaft, with a small engine 
for hoisting and pumping. The pump is small and the water abundant, and, 
for this reason, the work, in the lower part of the mine, was suspended during 
the summer of 1869, awaiting the completion of a tunnel, then being driven 
in from the hill-side. The steep slope of the hill affords great advantages for 
attacking the lode by tunnels, and this is now being done. An adit, about 
350 feet long, strikes the vein at a depth of 260 feet, dispensing with the 
necessity, for some time to come, of raising either rock or water. The out- 
crop of the vein being several hundred or a thousand feet above the valley, it 
may be worked by this means to a very considerable depth. 

The tunnel referred to is 62 feet wide by 72 feet high. It passes through 
very hard granite. It is driven with the aid of the Burleigh drill, which gives 
great satisfaction, performing its work at half the cost of hand labor, according 
to the estimate of the owners of the mine. The whole working cost of driv- 
ing this tunnel had been, at the time referred to, about $40 per foot. Several 
other tunnels are being driven in this district, some of which employ the Bur- 
leigh drill, and will be noticed further on. The following are a few notes 


* According to statement furnished by Mr. F. A. Clark, one of the owners and 
manager of the mine. 
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concerning the experience in this kind of work, in the tunnel just referred to, 
at the Terrible mine. 

The air compressor of two cylinders, each 12 inches diameter and 16 
inches long, only one of which is required for the present work, is set up at 
the mouth of the tunnel, and driven by an engine of 12 inches diameter. It 
is capable of running two drills, but only one is used. The drill is worked 
under a pressure of air of 35 to 40 pounds; strikes 300 blows per minute; the 
drill is 14 inch steel, with 13 inch bit; the progress of the drill in the hole 
averages 2 inches per minute; each drill, on the average, drives 30 inches 
before needing to be sharpened; the machine is managed, at the heading of 
the tunnel, by two men on each shift, who drill from six to eight holes per 
shift, including the time required for charging and firing, the latter being done 
by electricity, and for removing the broken rock; the force required at the 
tunnel comprises six men, four of whom are drillmen and two engineers, be- 
sides the smith, at the mine, who sharpens the drills. Labor costs $4 50 to 
$5 per day, for shift of twelve hours. The average progress of the tunnel is 
12 feet per day of twenty-four hours. It is reported that the property of the 
‘Terrible mine has been recently sold in England for $500,000. 

Browy.—Brown Mountain, on which the lode just described is located, has 
been extensively prospected, and a number of valuable veins have been opened. 
Among these the John Brown, U. 8. Coin, Lilly, Roe, Mammoth, and others 
have been developed considerably, and have produced some very rich ore. 
The John Brown lode crops out on the hill-side, 300 or 400 feet above the 
Terrible. It has a nearly parallel course, north 75° east, and dips almost ver- 
tically, but slightly inclined to the south. The width of the vein is variable. 
Where both walls are clearly defined they appear to be from two to five feet 
apart; but the south wall is often difficult to distinguish, and as the filling of 
the vein is, to a large extent, granitic, or like the country-rock, it is not 
always easy to define their position. Where cross-cut in one or two places the 
vein is thought to be from 15 to 24 feet wide. The ore of this vein resem- 
bles that of the Terrible in most respects, but is characterized by the occur- 
rence of much more zincblende. This is the predominating mineral, and is 
said to be argentiferous. With it is also mixed considerable galena, rich in 
silver, and a small proportion of pyrites, with true silver minerals. These are 
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stephanite, pyrargyrite, proustite, polybasite, fahlerz, antimonial silver, and na- 
tive silver. The rich silver minerals seem to be less abundantly distributed 
in the Brown than in the ores of the Terrible, though some lots of selected 
ore have proved to be very rich. ‘The ore is sometimes concentrated in one 
compact seam, lying upon one wall, or is sometimes divided into several 
branches. The width of the seam may be from 2 to 10 or 12 inches. 

Fig. 3, on Plate XX XV, shows a cross section of this vein, observed by 
the writer, not far below the surface. The north wall is well defined, carry- 


ing seams of rich ore; the south wall is not so clearly identified, the left hand — 


side being limited by the side of the drift, and the true character of the ad- 
joining rock remaining undetermined. The mass of gangue rock here is a 
mixture of quartz and feldspar, much broken up, traversed by clefts and joints 
and colored by oxide of iron. ‘The several seams of ore appear to unite at a 
point not far below that where the section was taken. 

The mine has been opened by a tunnel, 180 feet long, through the coun- 
try-rock, at a right angle to the vein, which it strikes at 160 feet below the 
surface. From this point of intersection a drift has been made, about 180 
feet on the vein. A tunnel or adit, starting from a point about 100 feet higher 
than the drift just mentioned, has been driven in on the vein from its outcrop 
in the neighboring ravine, about 250 feet in length, and connected by winzes 
with the drift below. In connection with all this work considerable stoping 
has been done. 

The company owning this mine have expended a large sum of money in 
the development of the property, chiefly, however, in the construction of met- 
allurgical works and other appurtenances. As the mine is worked by tunnels, 
no hoisting machinery has been required, but a large and costly crushing mill 
and smelting furnaces have been built at the base of the hill, just below the mine. 
These works consist of 20 stamps, a Blake’s rock breaker, some concentrating 
appliances, a roasting furnace, lead-smelting furnace, and cupelling furnace. 
Some details of the various methods of treatment applied to the ores of the 
district will be found further on. It will suffice to say here that the first-class 
ore is crushed without concentration, while the bulk of the mine product is 
reduced by stamps, concentrated in a round buddle, and the richer portion ob- 
tained for roasting and smelting. The ore of this lode is rather too poor in 
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lead for smelting alone, and that metal is usually supplied by purchasing ga- 
lena elsewhere, which is then mixed with the material to be treated. Accord- 
ing to Mr. Watson, superintendent of the mine, the greater part of the product 


of the mine is low-grade ore, requiring concentration. During the summer of. 


1869 there were 191 tons of mineral smelted at these works. The greater 
part of this was obtained by concentrating ores that, in the raw state, had an 
average value of 20 to 30 ounces of silver per ton. According to the average 
rate of concentration, six tons of raw ore furnish one ton of mineral. This 
being mixed with the first-class ore, the whole is subjected to the roasting 
and smelting process. The average assay value of the smelted mineral, during 
the period referred to, was 200 ounces of fine silver per ton, of which an 
average of 90 per cent. was obtained by metallurgical treatment. From this 
it appears that the product of the works, during the summer of 1869, was be- 
tween $40,000 and $50,000. The ore furnishing this yield came partly from 
the Brown and partly from the U. 8. Coin lode. The latter is said to pro- 
duce much richer ores than the Brown. 

As the hill-side on which the mine is situated is too steep to admit easily 
of the construction of a wagon-road, the mine has been provided with a sus- 
pension tramway, the upper end of which is at the mouth of the tunnel and 
the lower end at the base of the hill, This contrivance consists of two wire 
ropes, each 1} inches in diameter, stretched side by side, 6 or 8 feet apart, 
elevated above the ground and supported at intervals of 200 or 300 feet. 
The ends of the ropes are securely anchored in the ground. The average 
inclination of the ropes, from the upper to the lower end of the tramway, is 
about 20°. Hach rope serves as a separate track for the passage of a car, 
which is attached to a framework of iron; the latter hanging upon the rope, 
on which it rests by means of two sheaves or wheels, which, turning freely, 
permit the movement of the car along the rope. 

The two cars are so arranged that one descends, carrying a load of ore, 
and, by its weight, draws up the other car, which may also carry a light load 
of supplies or material for the mine. A small wire rope, a half inch in diam- 
eter, connects the two cars, passing around a drum at the upper end of the 


1 According to statements made by Mr. Watson, superintendent, and Mr. Cheever, 
assistant. 
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tramway, which drum is controlled by a brake. The car is capable of con- 
taining about 1,000 pounds of ore. The details of construction, showing the 
method of supporting the cables in such way that the cars may pass, the form 
of the framework to which the car is attached, and the arrangement of the 
sheaves cannot be very intelligibly explained without drawings, which are not 
in the writer’s possession. It is said to work satisfactorily. 

Cory.—The U. 8. Coin lode has been developed by the same company. 
It crops out a little higher up the hill and is opened further west than the Brown 
mine. Its course is nearly due east and west, the dip being almost vertical. 
The ore, in its mode of occurrence and general character, is like that of the 
Terrible and Brown lodes in most respects, but is usually concentrated in a 
narrow seam of rich mineral. Ruby silver is said to occur frequently. Small 
lots of ore from this lode have yielded very high returns. 

Linty AnD Ror.—The Lilly and the J. J. Roe, though different locations, 
are thought to be on one and the same vein. This is still higher up the hill 
than the last-named. Its course, where observed, is north 55° east, true, 
dipping to the south at an angle of 80° from the horizon. This lode has also 
produced rich ores, similar, in general character, to those just described. In 
1868 two tons of selected ore yielded $400, coin, per ton. The lower grade 
ore, treated at the amalgamation works in Georgetown, yielded about $150, 
coin, per ton, for a lot of 44 tons. The developments on this lode have been 
considerable as compared with other lodes in the neighborhood, but have 
not yet reached great depth. When seen by the writer the deepest point 
attained was not more than 100 feet. The vein had been stripped along the 
surface but not drifted upon very extensively in depth. 

SHERMAN Mountarn.—Sherman Mountain, as it is called by some, or 
Republican Mountain, by others, is next east of Brown Mountain, from which 
it is divided by a narrow gorge or ravine. This hill has also been exten- 
sively prospected and many lodes have been opened, though only a few have 
been developed to a depth exceeding 100 feet. They are generally of the 
same type as those just described. Prominent among them are the Cashier, 
Mendota, Snowdrift, Robert Emmet, Bush, Huntington, and others. The 
first-named is thought to be an extension of the Terrible, though its identity 
could not be established from observations made at the time these notes were 
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taken. A shaft has been sunk on this vein to the depth of 62 feet, showing 
an ore-seam 8 or 10 inches wide. The ore at this depth is chiefly zincblende, 
but carrying the other minerals already mentioned as characteristic of the 
lodes on Brown Mountain. Some of the ore has a high assay value, but not 
much has been worked. The course of the vein is north 80° east, true, 
dipping almost vertically. 

Baxer.—The mountain slopes, bordering the right hand fork of the stream 
above Georgetown, have been explored, more or less, along their entire length 
Three or four miles above Brown Mountain, and about seven miles from 
Georgetown, Kelso or Quail Creek enters the main fork from the south side. 
At this junction is situated the mill of the Baker Mining Company, a large 
and costly establishment. The mine of the same company is located four 
miles from that point, on the eastern slope of Kelso Mountain, near the head- 
waters of the stream. It is not far below the crest of the range, having, it 
is said, an altitude of over 11,000 feet, and being in the immediate neighbor- 
hood of Gray’s Peak, which has an elevation of about 14,300 feet. The 
mine is probably more extensively opened than any in the Georgetown dis- 
trict, though, thus far, the vein has not been very productive. The general 
strike of the lode is about north 80° east, true, dipping northerly at an angle 
of 55° to 60° from the horizon. The width is variable, generally about 3 
feet, but sometimes expanding to 15 feet, or more. The inclosing rock is 
granite or gneiss. The walls, particularly the south wall, are good and well 
defined. The vein-matter is generally a mixture of quartz and feldspar. It 
is usually soft and separated from the walls by a seam of clay. In some parts 
of the vein the filling is chiefly siliceous, and sometimes becomes a hard flinty 
substance, without showing much ore. The ore-seam is not continuous. So 
far as developed, when visited by the writer, the pay-mineral occurs in dis- 
connected bunches, or pockets, and not very abundantly. The ore consists 
chiefly of galena, zincblende, and silver sulphurets. The associated gangue 
is mainly quartz, but in the lower levels an abundance of fluor spar is a char- 
acteristic occurrence. ‘The mine has been opened by three tunnels or adits. 
The upper one, known as the Discovery tunnel, was, in the autumn of 1869, 
about 200 feet long, driven in upon the vein, having started at the outcrop; 
the two lower tunnels are partly in the country-rock and partly on the vein, 
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the middle tunnel being about 200 feet, and the third, or lowest, being over 
400 feet in length. These adits are connected by winzes. The amount of 
stoping that had been done, at the date referred to, was comparatively small. 
From these openings small lots of selected ore had been obtained that 
had yielded from $200 to $300 per ton. The lower grade, or common ore, 
yielded from $50 to $100 per ton. Up to the date referred to no very large 
amount had been worked, as the company’s mill had not then commenced 
operations. The total product of the ores treated is said to have amounted, — 
at that time, to about $6,000; besides which about 200 tons of common ore 
were awaiting treatment in the company’s mill. The construction of this 
establishment was begun early in 1868, but owing to changes of plan and 
other hinderances it was still unfinished in the autumn of 1869. The pro- 
cess at first selected was that of smelting with lead and subsequent cupella- 
tion, for which method the furnaces were built; but as the ore proved to con- 
tain a lower percentage of lead than is requisite, this was discarded and the 
chloridizing-roasting, with barrel amalgamation, was adopted. Some details of 
this method will be given further on. The mill consists of crushing 
machinery, which comprises one Dodge crusher and two Ball pulverizers; 
three of Briickner’s revolving cylinders for chloridizing-roasting; six barrels 
for amalgamation ; a retorting furnace, and other appurtenances necessary for 
the business, including two excellent steam-engines, the cylinders of which 
are 14 inches by 30, geared together to drive all the machinery. Two large 
boilers supply steam. 

The left-hand fork of the stream above Georgetown has been as actively - 
explored, at least for a portion of its length, as the right-hand fork. The 
course of this stream, from its head-waters to its confluence with the other 
fork at Georgetown, is generally from the southwest to the northeast. The 
principal mining developments have been made in the hills which rise between 
the two streams. Of these hills, that which is known as Leavenworth Moun- 
tain has, thus far, been the scene of the most active operations. 

Equator.—The Equator mine, on a lode of the same name, is, at present, 
the most prominent mining enterprise in this neighborhood; the Winnebago, 
on the same lode, and the Argentine, McClellan, Gilpin, and others, in the 
vicinity, are of growing importance. The Marshall tunnel is also in this hill, 
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driven in from the mountain side and penetrating the country-rock at a right 
angle to the general course of the veins, and at such a level as to intersect 
them at considerable depths. 

* The Equator lode, located high up the hill-side above the bed of the 
stream, was discovered in July, 1866. Its course, coinciding nearly with the 
trend of the hill, is about north 50° or 55° east. The dip is nearly vertical, 
inclining a little to the north. The north wall is well defined, smooth and 
regular in course; but the south wall is less clearly marked, making it some- 
times difficult to determine the width of the vein. In some places where 
cross-cut it is said to be 15 feet wide, but the average width, as shown in the 
greater part of the work, is 4 feet. The filling of the vein is of soft material, 
consisting chiefly of quartz and feldspar; but it sometimes passes into a 
harder rock, more granitic in appearance. ‘The ore is galena, zincblende of 
several varieties, considerable fahlerz, with some ruby silver and native sil- 
ver. Some of the selected ore is very rich, several tons possessing an average 
assay value of $1,000 per ton; while the lower grade, which is treated by 
the amalgamation process, has an assay value of $150, coin, per ton. The 
extent of development m this mine may be seen by a reference to Fig. 4 on 
Plate XXXV, which shows the amount of work performed previous to Sep- 
tember, 1869. The depth attained is little over 200 feet. The mine has 
been quite recently provided with hoisting machinery, consisting of an engine, 
the cylinder of which is 10 inches in diameter by 16 inches stroke. This 
drives a winding apparatus, of the kind described in the foregoing chapter, 
consisting of a spool moved by a belt. 

The work of mining is comparatively cheap. Drifting costs $7 to $8 
per foot; sinking the shaft $30 to $35 per foot. Stoping has been done by 
the day at $3 50 to $4 per diem. The total production of this mine from the 
beginning of operations to the end of August, 1869, is about $70,000, coin, 
or nearly $100,000 in currency, making allowance for the average premium, 
during that period, on coin value. 
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This product has been derived about as follows :* 
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a. Shipped to Newark. 
4. Worked by Huepeden & Company. 
¢. Worked by J. O. Stewart. 


ARGENTINE.—The Argentine district is near the head-waters of the left- 
hand fork of the stream, and about five miles from Georgetown. This was 
the scene of exploring work several years ago, and a number of lodes were 
opened, from which rich ores have been taken, although no very extensive 
developments have yet been made. The International, Harris, and Belmont 
are perhaps most developed, and are being opened at present. ‘The character- 
istic features of these veins are, in many respects, similar to those already 
described. They are said to carry very rich ore, but the pay-seam is gener- 
ally small. The mines are at a high altitude. Metallurgical works, consist- 
ing of a Dodge crusher, Ball pulverizer, one Briickner cylinder, for chloridiz- 
ing-roasting, with two Hepburn pans and two barrels, for amalgamation, were 
in process of construction during the past summer. 

The hills that border the valley of the main branch of South Clear Creek, 
below Georgetown, possess a number of veins that have received more or less 
development, and some of them are being worked with encouraging results. 
A description of them, however, would involve the repetition of much that has 


* According to statements made by Mr. Carpenter, part owner and manager of the 
mine. 
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been already said, as the veins of the district are generally of one type, differ- 
ing chiefly in the richness and quantity of their silver-bearing ores. Among 
the more important are the Griffith and Summit, on the east side of the stream, 
and the Cliff, Astor, Beecher, New Boston, and others, on the west side. The 
first-named strikes north 75° east, dips vertically, and is developed to a depth 
of about 130 feet. A claim, 300 feet in length, is being worked by the Wil- 
son and Cass Company. About 700 tons of ore had been taken out at the 
date of the writer's visit, some of which was of excellent quality, the greater 
part, however, requiring concentration. For this purpose the company had 
erected dressing works, which will be noticed further on. The Summit, Cliff, 
and Astor have produced small lots of very rich ore. The New Boston is a 
large and well-defined lode, carrying a wide seam of galena, which, so far, is 
not very rich in silver. 

Tunnets.—During the past year some important enterprises have been in 
progress in the Georgetown district, having for their object the exploration of 
the country by means of tunnels. The natural features of the region are most 
favorable to such a method, as the hill-sides are not only very abrupt, but the 
lodes are generally parallel to each other, and coincide nearly with the trend 
of the hill, so that a tunnel, driven in from the valley at a right-angle te the 
general direction of the veins, is likely to intersect several of them in the 
course of its progress. The tunnel affords, at the same time, the most advan- 
tageous method of exploitation, as the vein is worked from below upwards, 
and the necessity of raising rock and water is obviated. On the right-hand, 
or west fork of the stream there are three tunnels, including the Terrible, al- 
ready noticed, which are being driven northerly into Sherman and Brown 
Mountains. On the left-hand fork is the Marshall tunnel, piercing Leaven- 
worth Mountain, in the neighborhood of the Equator mine, while, in the 
autumn of 1869, several others were proposed, among them one’ to enter 


Leavenworth Mountain from the north side, opposite to the Marshall tunnel, 


and another to penetrate Columbia Mountain,? which lies on the northwest 
side of the main branch of South Clear Creek, about two miles below 
Georgetown. 


1 This is now in progress, and is known as the Helmick tunnel. 
2 Also said to be in progress, and known as the Morris tunnel. 


| 
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The Burleigh tunnel is in Sherman Mountain, a quarter or half-mile east 
of the Terrible mine. Its mouth is not far above the bed of the stream. It 
enters the hill on a course of north 15° west, or nearly at a right-angle to the 
general course of the veins. It is 93 feet wide and 72 feet high. In August, 
1869, it had been driven 120 feet through hard, granitic, and gneissic rock, 
without having found anything of value. It has since been driven on contin- 
uously, and, according to newspaper reports, has developed some ore-bearing 


veins. The mountain rises steeply above the tunnel, reaching an altitude at. 


the summit of about 2,000 feet, so that any veins thus cut will be opened at 
considerable depths below their outcrops. This enterprise is under the man- 
agement of Mr. Burleigh, the inventor of the drilling machine which bears his 
name. This machine is employed in the tunnel, and is said to have proved 
itself here, as elsewhere, a most useful instrument in this kind of work. The 
details of its construction are too intricate to be intelligibly explained with- 
out drawings. It is, however, ingeniously and effectively contrived, perform- 
ing its duty with comparatively little expense for repair. It is driven by com- 
pressed air, which, escaping from the machine at every movement of the drill, 
affords the great advantage of good ventilation. In the Burleigh tunnel a 
track is laid, on which a carriage is placed. This vehicle carries four drilling 
machines, which are so attached to the point of support that they may be fixed 
at any angle, thus directing the point of the drill against the face of the rock 
at any desired inclination. The drill strikes 250 blows per minute. When 
a sufficient number of holes have been drilled the carriage is run out, the 
holes charged and fired, and the rock thrown aside, so that the carriage may 
return to the heading; after which the rock is removed from the tunnel. 

The air compressors are at the mouth of the tunnel, consisting of two 
sets, or four air cylinders, 12 inches in diameter by 16 inches in length; and 


two steam cylinders, 9 inches by 16 inches. There is also a conveniently- - 


arranged machine shop, supplied with necessary appliances for the construc- 
tion and repair of drilling and other tools. The progress of this tunnel, up to 
the date referred to, was two feet per day. 

The Baltimore tunnel, or, more properly, the tunnel of the National Sil- 
ver Mining Company, is further up the valley, a half-mile west of the Brown 
and Terrible mines. It is favorably situated, where the slope of the hill-side 
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is very abrupt. The tunnel is 8 feet wide and 7 feet high. The rock passed 
through has been comparatively soft, though granitic in character. At the 
date just referred to, it had been driven 150 feet, entirely by hand, progress- 
ing 2 feet per day, and, according to the best available information, at a cost 
of $35 per foot. A complete outfit of Burleigh drills, air-compressing machin- 
ery, and other appurtenances were on the ground, and about to be set up. A 
vein, producing galena and zincblende, worth $100 to $200 per ton, had been 
cut, but not sufficiently developed to afford much knowledge of its character. 

_ The Marshall tunnel, the starting point of which is 50 feet above the bed 
of Leavenworth Creek, pierces Leavenworth Mountain with a course of north 
43° west. It is 7 feet high and 9 feet wide. In August, 1869, it had been 
driven 320 feet, much of which passed through soft ground. The total cost 
of driving, entirely by hand, is said by General Marshall, the superintendent, 
to have been $26 per foot. In the distance then made, several strata, having 
the appearance of veins, had been cut, but the indications of valuable ore were 
not so great as to invite further exploration of them at that time, as it was 
deemed more desirable to hasten on the prosecution of the tunnel as rapidly 


as possible. Late accounts from the work indicate that the tunnel has now — 


reached a point 700 feet from the mouth, and is in the immediate neighbor- 
hood of the Equator lode. According to preliminary surveys this lode 
should be cut by the tunnel at a depth of 350 feet below the surface. 
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SECTION II. 


TREATMENT OF THE ORES. 


There are two principal methods by which the ores of this district are 
treated. One consists in smelting; the other in amalgamation. The first 
is applied only to ore that is rich in lead, containing not less than 30 per 
cent. galena, and moderately free from zincblende and gangue. The second 
is employed for the ores as they more frequently occur, containing a mixture 
of galena, blende, pyrites, silver sulphurets, and gangue, in variable propor- 
tions. ‘The second class is much more abundant than the first, as it is only 
a small proportion of selected ore that contains the requisite percentage of 
lead; and much of that which is smelted requires a previous concentration in 
order to separate the excess of gangue, blende, &c., from that which is suit- 
able for the smelting fnrnace. 

There are, in Georgetown and its vicinity, two establishments for the 
treatment of ores by smelting, one being known as the Georgetown Smelt- 
ing Works, formerly under the management of Mr. J. T. Herrick, and lately 
standing idle; the other, located at the Brown mine, and belonging to the 
Brown Mining Company, as already noticed; three establishments for work- 
ing ores by amalgamation, the first being that of Messrs. Huepeden & Com- 
pany, the second that of Mr. J. O. Stewart, and the third that of the Baker 
Mountain Mining Company. There are also two establishments, lately 
erected, for the concentration of ganguey ores; one proposing to accomplish 
the object by dry, the other by wet processes. Besides these are the works 
of Mr. Dibbin, at Argentine, already noticed, and several smaller concerns, 
chiefly experimental in their character. 

Smettine Worxs.—The smelting process employed in the first two of 
the above-named establishments is one of the oldest and best known of all 
methods for the extraction of silver from its ores, and is described with much 
detail in various metallurgical works. Its purpose is to smelt argentiferous 
galena, or other argentiferous substances with lead ores, in order to produce 
metallic lead in which all, or nearly all, the silver is then contained, and from 
which it may be separated by cupellation. The details of this process consist 
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here in the crushing of the ore, the dressing or concentration of that part 
which is not already sufficiently rich in lead; the roasting or calcining of the 
charge; the smelting for the production of metallic lead, and, finally, the 
cupellation, by which fine silver is obtained. The Brown millis provided with 
a Blake’s rock-breaker for the first crushing of the ores. That portion which 
is rich enough in lead to be smelted without further concentration is sufficiently 
reduced by this machine for further treatment; the remainder, which needs 
to be dressed, is delivered to the stamps. Of these there are 20, weighing 
400 to 500 pounds each, falling 10 inches, between 50 and 60 times per 
minute. ‘The ore is crushed wet and discharged through coarse screens that 
are made of punched sheet-iron plates. The crushed material is then dressed 
in a round buddle of the common English form. This is the only means of 
concentration employed in this mill, and is said by Mr. Watson, the manager, 
to work very satisfactorily. ‘The ore crushed in the stamps, a large portion 
of which only contains, on the average, about 20 ounces of silver to the ton, 
is so concentrated as to yield one ton of dressed ore from six tons of raw 
material. The dressed product is then mixed with the richer ore of the first 
class, so that, when ready for further operations, it contains about 200 ounces 
of silver. The ore is then calcined or roasted, by which process a portion of 
the sulphur is expelled and a partial oxidation of the metals effected. The 
furnace for this purpose may be a simple reverberatory, as in the case of the 
works at Georgetown, or of some other suitable form. The furnace at the 
Brown mill is a double hearth, or two hearths, one above the other, each 20 
or 25 feet long, 10 feet wide, and covered by an arch 15 or 18 inches high. 
The material is introduced upon the upper hearth at one end, near the stack, 
and, by means of side doors, is gradually moved along toward the other end, 
where it drops through to the hearth below, and is then moved, in contrary 
direction, toward the bridge, where it is discharged. The entire capacity of 
the furnace is 4 tons per day. Each charge of about one ton requires 
twenty-four hours to pass through the entire length of the furnace, and one 
charge is supplied and delivered every six hours. 

The smelting furnace employed in both these establishments is the com- 


mon lead furnace used in England. The hearth is about 11 feet long by 8 
feet wide. The charge consists of about 3,000 pounds of roasted ore, which 
5 
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is made up so as to contain not less than 30 per cent. of lead, and usually a 
considerably higher percentage. This is mixed with about 10 per cent. of 
iron and usually about 15 to 20 per cent. of lime. Each charge requires ten 
or twelve hours’ smelting. The molten lead, rich in silver, is drawn off in 
convenient form for cupellation, while the rich slags are broken up and pre- 
pared for resmelting. ‘The lead, when ready for cupelling, contains, on the 
average, about 2 per cent. of silver. The process of cupellation is performed 


in an English furnace, and is generally like that already described in chapter 


VI. Large buttons of fine silver are produced, sometimes weighing 500 or 
600 pounds. The actual cost of this work could not be definitely stated. 
The labor employed costs $4 per day and consists of the following men at 
the Brown mill: In the dressing works, for twenty-four hours, 2; at the 
roasting furnace, for twenty-four hours, 2; at the smelting furnace, for twenty- 
four hours, 6; engineers, 2; sundry jobs, 1 

The capacity of the Georgetown Smelting Works is about the same as 
that of the Brown mill, and, when running, it employs about the same num- 
ber of men. While in operation this establishment occasionally worked ores 
at a stipulated price, about $100 per ton. The usual custom, however, was 
to purchase the ores of the producer, paying at a fixed rate, according to 
their assay value. These rates varied, on a graduated scale, from about 30 per 
cent. of the assay value for ores containing 100 ounces of silver to the ton, 
to 70 per cent. of the assay value for ores containing 800 ounces of silver to 
the ton. A condition of this scale requires that the ores shall contain not less 
than 30 per cent. of galena, and not more than 10 per cent. of gangue nor 
more than 5 per cent. of zincblende. An excess of zinc or gangue subjected 
the ores to corresponding deductions. 

During the summer of 1869 this establishment had been idle for a con- 
siderable period of time, owing, it was said, to financial embarrassments. 
In the summer of 1868 there were worked about 90 tons of ore, producing 
22,134 ounces of fine silver, worth about $28,500.1 Among the lots of ore 
producing this amount were the following: 244 tons from Terrible mine, 
yielding $510 per ton; 22 tons from Brown mine, yielding $300 per ton; 3 
tons from Coin mine, yielding $389 33 per ton. 


*Statement of Mr. John T. Herrick, superintendent. 
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AMALGAMATION Works.—The amalgamation process employed at the 
metallurgical establishments near Georgetown is the same, in its essential 
features, as that used in Washoe and the Reese River district, Nevada, for 
first-class ores. It consists in crushing, chloridizing-roasting, and amalga- 
mating in pans or barrels. In the establishment of Mr. Stewart, a mile 
below Georgetown, the method of operation in use at Reese River is copied 
almost exactly. 'The works of Mr. Huepeden, in Georgetown, possess some 
distinctive features that will be noticed further on. 

Mr. Stewart’s mill was built in 1868, and commenced operations in 
the autumn of that year. It contains 6 stamps of 400 pounds each, which 
fall 9 inches, 66 times per minute. Its crushing capacity is between 34 and 
5 tons per day, using a screen of 50 meshes to the inch. There are two 
roasting furnaces, each about 9 feet by 10 in the hearth. These furnaces 
are constructed generally like that shown on Plate XXIV, and the method 
of operation is the same as that already described in foregoing chapters. 
There are two large and two small pans and two settlers, and one retorting 
furnace." | 

Mr. Stewart has been almost steadily engaged in working ore by this 
method since the completion of his works, and finds the method very well 
adapted to the ores of the district. He receives the ore from the mine and 
works it ata fixed price, returning to the owner 80 per cent. of its assay 
value. The charge for working on this basis was $60 per ton of ore, in cur- 
rency, in 1869. 

From November 1, 1868, to August 15, 1869, between 500 and 600 tons 
of ore, from forty different lodes, had been worked. The assay value of 
these ores was, on the average, $100, coin, per ton, of which 80 per cent. 
was obtained and returned to the producer. The total production of the 
works, during that time, was, therefore, about $45,000, coin.’ 


1 According to newspaper report, the capacity of this establishment has been ex- 
tended during the present year, 1870. 
2 Statement of Mr. John O. Stewart, superintendent. 
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The following lots of ore were among those making up this product, 
and will serve to indicate the average value of ores of this class: 


Assay value, 
Where from— No. of tons. in coin, per 
ton. 


Smouitieiosly =s os 5 085 5 bo 6 oo oe 4 $19z 36 
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Gilpinjand McClellan mene. pest eee c ieee 40 60 to 113 00 
Clifiieder i... th) eae: CLT Re ee eee: CR A Aer ba 25 150 00 
Silver Hagle lode = pwc os ea ee Beet os, 334 289 45 
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Mr. Huepeden’s establishment is in the center of Georgetown. It is 
located on the bank of the creek, from which it derives an excellent water- 
power. It possesses ample crushing capacity, consisting of 10 stamps, of 
600 pounds each, a Dodge crusher, and Ball pulveriser. The last two appli- 
ances are chiefly used, the stamps being held in reserve for extraordinary 
work. 'The crushed ore is roasted with salt and then amalgamated, the pro- 
cess employed being essentially the same as that just referred to, except 
that the first operation is performed in Briickner’s revolving cylinders and 
the last in barrels. 

Mr. Briickner’s cylinder is a contrivance designed to roast ores with salt 
at a much less cost for manual labor than is involved in the operation of the 
reverberatory furnace. It isa horizontal cylinder, constructed of iron, usually 
boiler-plate, and lined with fire-brick. Its form and some of the details of 
its construction are shown on Plate XXXVI. It is commonly about 11 or 
12 feet long and 5 or 6 feet in diameter. It is supported on rollers, 2, so 
that it may turn freely when set in motion by the revolving gear, h. One 
end of the cylinder communicates with a brick fireplace, A, while the oppo- 
site end, C, is let into the stack so that the flame from the fireplace passes 
through the interior of the cylinder. Within the cylinder there is a dia- 
phragm, or partition, running longitudinally through the greater part of its 
length. This partition is made of iron and covered with fire-proof material. 


Plate XXXVI. 
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It is usually made in sections, e, which are held in grooves that are formed 
in the ribs, f These ribs are made in tubular form with open ends, which, 
extending outward beyond the side of the cylinder, permit the passage of 
air and are thus partially cooled. f 

When the several sections are in place, the entire partition, or dia- 
phragm, has the form of a rhomb, whose ends are obtuse angles. It is placed 
at an angle of 10° or 15° with the longitudinal axis of the cylinder, so that 
as the cylinder, containing a charge of ore, is revolved, the diaphragm causes 
a continuous passing and repassing of the material from one end to the other 
aud insures at the same time an intimate mixture of the whole mass. A 
door, d, for the charging and discharging of the ore, is placed in the surface 
of the cylinder opposite the partition. The outside of the cylinder is pro- 
vided with ribs or flanges, g, concentric with the axis of revolution, which 
rest on the rollers, 2; also with a toothed mb with which the pinion is placed 
in gear at h, causing the whole to revolve. The fireplace and chimney are 
built of brick or stone, with funnels large enough for the ends of the cylin- 
der, which may fit into their place easily and revolve. Between the end of 
the cylinder and the stack there is a dust chamber, in which the fine mate- 
rial that is carried through with the draught may have an opportunity of 
settling, ; . 

The charge of ore for this cylinder consists of 3,000 to 4,000 pounds 
mixed with from 6 to 10 per cent. of salt. The cylinder revolves slowly, 
making only one or two turns per minute. It consumes about three-quarters 
of a cord of wood per day. The chlorination is said to be very thoroughly 
effected. A detailed statement of the cost of roasting and chlorination was 
not available, but according to Mr. Huepeden, who has employed these cylin- 
ders during two or three years, it is much less than in the reverberatory 
furnaces. It is probably not far from $6 to $7 per ton. 

There are two of these cylinders in Mr. Huepeden’s establishment, one 
of which has been at work two years or more, wearing very well and costing 
but little for repair. 

_ The amalgamation of the roasted material is performed in barrels, of 
which there were four in place, and four more were soon to be supplied. 
The capacity of each barrel was about 2,000 pounds per charge. The details 
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of this operation do not differ essentially from those observed in Mr. Dall’s 
mill at Washoe, Nevada, already described. Much of the ore treated at this 
establishment is worked for the stipulated price of $60, currency, per ton, 
the mill guaranteeing a return of 80 per cent. of the assay value. Some- 
times the ores are purchased from the producer at rates which do not differ 
much in their net result from the foregoing. 

The average yield of all ores worked is little over $100, coin, per ton, 
as will appear from statements following. This is about 80 per cent. of the © 
average assay value. ‘The following figures, furnished by Mr. Huepeden 
from the books of the establishment, show the average run of ores from 
several different lodes: 


Assay value in 


Name. : Tons. Worked in— 


coin per ton. 
Equator %-\ i: ieaycy pags ae Sth 113 1868 $150 26 
Equator 23 0-tp- g sot at ee a 168 1869 146 00 
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Pol (0) PIER ck tom See cK eo Syne 28 1868 165 16 ~ 
Malonlet are yagi ve = i= at. aa ee ee a 6 1868 276 70 
Bakkerc i) = ams. 2 k=" e-em ethaeoan 24 » 1868 56 89 
MceClellany 42 2a -siw uae aie ees 57 1869 80 00 
Killwinming: = os) hee pak, ee ae oa 2 1869 174 00 


Terrible 7) 205052, Sh.) eh occ? es Tae ee 7 1869 272 70 


Mr. Huepeden, the present proprietor of this establishment, commenced 
operations about the first of May, 1868. The following is his statement of 
the production of the works from that date to August 15, 1869 


From May 1, 1868, to December 31, 1868, worked 362 tons of 


Ore, yields, tm\@ oi se eee eee ese ae eee $37,465 75 

January 1, 1869, to August 15, 1869, worked 352 tons of ore, 
yielding, in’ coin) /:2-- 2005 see eecer eek ene tee eee ene *40,419 31 
Total number of tons of ore 714, yielding, in coin.-.--- 77, 885 06 


* Supplementary statements show that the total production of these works in 1869 
was $71,143 50, coin, or about $6,000 per month. 
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Average yield per ton, $109 08, coin. 

The works produced, under the management of previous owners, Gar- 
rett, Martine & Company, about, or a little over, $20,000,' coin, making a 
total of $100,000 from their commencement to the date referred to above, a 
period of something over two years. 

ConcEentTrATION.—The high cost of metallurgical treatment added to that 
of mining excludes from profitable working a large amount of second or third 
class ore. The value of this varies from $20 or $25 to about $100 per ton, 
for with the cost of reduction at $60, and an available yield of not more than 
80 per cent. of the assay value, an ore must contain, under existing condi- 
tions, at least 100 ounces of silver per ton, in order to pay all the expenses 
of mining and milling and leave any margin of profit in the hands of the 
producer. 

Although the veins about Georgetown have produced some very rich 
ores, it is probable that the amount of ore that can be worked profitably bears 
but a small proportion to that which must remain unavailable without cheaper 
methods of reduction. According to a statement on a preceding page, the 
Terrible mine has produced about 200 tons of ore, yielding $200 and 
upward per ton; while the quantity of accumulated ore, of third class, 
" said to be worth about $80 or $100 per ton, is estimated at 1,200 or 1,500 
tons. A ton of this ore, worth $80, which may represent the average value 
of the whole, after paying $60 for milling, and affording a net yield of 80 
per cent., would leave the owners in debt for the expenses of handling, haul- 
ing, and other items, including nothing of the costs of mining. If, however, 
by some suitable and cheap method of concentration, the valuable mineral, 
or a reasonably large part of it, contained in five or six or more tons of this 
ore can be brought into one ton, the whole mass may be rendered available 
for profitable working. 1% 

It is probable that the proportion of low-grade ores to those of high 
value is quite as great as the above, if not much greater, in the majority of 
the Georgetown veins; and the future prosperity of the district depends very 
much on the success of the means adopted for concentrating or otherwise 
rendering availabie the ores of the lower class; for the business of any mine 


1 From statement furnished by Mr. Charles Martine. 
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or mining district must remain within narrow limits so long as its operations 
are restricted to the treatment of first-class ores exclusively. 

Within the past year this subject has received much attention in this 
district, and two establishments have lately been erected for the purpose of 
concentrating ores of low or moderate value. 

One of these, known as the Georgetown Dressing Works, was built and 
is owned by the Wilson and Cass Company, partly for the purpose of work- 
ing low-grade ores produced by the mines of the company and partly with | 
the view of purchasing similar ores from the mines of the neighborhood, 
dressing them so as to separate the valuable mineral from the gangue and 
shipping the concentrated product to the smelting works of the East. This 
mill, not quite finished when visited by the writer, is situated a mile or more 
below Georgetown, near the stream, from which an abundant power is 
obtained. The process consists of wet-crushing, separating the coarser pro- 
duct on jigging machines of various kinds, and concentrating the fine material 
on Rittinger tables and other slime-dressing appliances. There are five bat- 
teries of stamps, containing five heads each. Hach stamp weighs 450 
pounds and falls 10 inches 60 times per minute. The screens are made of 
brass wire and are of different sizes. The first three batteries, through 
which all the ore must pass, are provided with coarse screens, containing ” 
eight square meshes per lineal inch. From these batteries a large portion of 
the ore escapes in a coarse condition. The crushed material passes thence 
on to several jigging machines, which, though differing in some details, are, 
in many respects, like those of Mr. John Collom, that will be described 
further on. They consist of boxes or tanks that are furnished with sieves of 
any desired degree of fineness. The ore is carried by the stream of water 
upon the sieves, and, being kept in agitation by water, the action of which 
may be understood by referring to the description of Mr. Collom’s machine, 
the heavy ore settles upon the sieve, the finer portion passing through into 
the box below, while the light, earthy portion of the material or pieces of 
gangue, still carrying particles of ore, is washed off from the sieve into a 
sluice or trough in front. By means of this first separation a portion of the 
clean rich ore, both coarse and fine, is obtained, while the gangue, requiring 
further treatment, is raised by a simple elevator and delivered to another 
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battery of stamps to be crushed finer. Thence the stuff issues through 
screens that have 18 meshes to the lineal inch; passes again to another jig- 
ging machine, having a finer sieve than those before employed; the opera- 
tion being repeated as before, a portion of dressed ore is obtained, the refuse 
again elevated to the final crushing, where it passes through a screen of 24 
meshes, and once more to a still finer sieve, where a third portion of dressed 
ore is obtamed and from which the tailings flow to settling tanks, or other 
contrivances, which effect a sizing or classification of the material according 
to its degree of fineness, when it is treated further on slime-tables or in bud- 
dles. The capacity of the works is about 50 tons of crude ore per day. 
They are very well constructed, under the direction of Mr. Julius Kurtz, and 
are provided with every facility for the prosecution of the work proposed. The 
addition of other appliances, for the treatment of the dressed products, either 
by amalgamation or other methods, is contemplated. These works had not 
entered upon regular operations at the time of the writer’s visit, and no defi- 
nite information has been received concerning their subsequent performance. 
The following advertised schedule of prices, offered by the company, indi- 
cates the advantage which producers of low-grade ores were expecting to 
derive from the successful working of this establishment : 


For galena ores assaying $100 per ton,.the company pays------------ $70 00 
For galena ores assaying $90 per ton, the company pays------------ 60 00 
For galena ores assaying $80 per ton, the company pays.------------ 50 00 
For galena ores assaying $70 per ton, the company pays------------ 40 00 
For galena ores assaying $60 per ton, the company pays------------ 30 00 
For galena ores assaying $50 per ton, the company pays----------.. 22 50 
For galena ores assaying $45 per ton, the company pays.- Biedihe S55 15 00 
For those ores in which zincblende predominates— 
Assaying $100 per ton, the company pays......-----.-------- $60 00 
Assaying $90 per ton, the company pays..-.-..-..-.----.+-+- 50 00 
Assaying $80 per ton, the company pays-----.-----....--+-+- 40 00 
Assaying $70 per ton, the company pays....-..--.----------- 30 00 
Assaying $60 per ton, the company pays....---.-.----- egy ke 20 00 
Assaying $50 per ton, the company pays..---.----..-..---.-- 15 00 


-Assaying $40 per ton, the company pays.........-----.------ 10 00 


i 
if 
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The other establishment designed for concentration is situatea near the 
town. ‘The machinery intended for its use had not arrived upon the ground 
when visited by the writer, but some experiments were in progress on a lim- 
ited scale, which gave encouraging results. It was the purpose of this com- 
pany to effect the desired separation of gangue from ore by means of Krom’s 
dry concentrator, which involves in its action the same or nearly the same 
principles as a wet jigging machine, but so contrived that air instead of 
water is used as the medium in which the material is agitated and separated. 

The establishment was to be furnished with a drying furnace in which ~ | 
the ores are first thoroughly dried; a Dodge crusher with rollers to reduce 
them to a suitable degree of fineness for the action of the concentrator; and 
three of Krom’s machines. ) 

Buuuion Propuct.—The following statement may nearly represent the 
total production of the Georgetown district up to the middle of August, 
1869: | 


Coin value. 

Georgetown Smelting Works’ product estimated at....-.--------- $55, 000 
Mr. Huepeden’s Amalgamation Works’ product, under the former 

and sUresenmtsiOW Mens )oe eee eere. fer eee eer eee ener eee 100, 000 

Mr. Stewarts WViorks @produetiaesse rere ee peeee a te eee eee een i 000 

Brown Mill jpreduct225-f-2e. aye cane pee eer eerie ere 45, 000 
100 tons of ore shipped from the Equator and Terrible mines, 

held iiuge isco tec tare Pee ciuiete 2G ete ee ie eo a ee eer 55, 000 


300, 000 


The above is believed to show the amount produced during the years 
1867, 1868, and part of 1869. Previous to 1867 there were small lots of ore 
and bullion produced, as the result of experimental operations, the total 
amount of which would be of comparatively little importance. 

Jndging from the operations of the three working establishments during 
the first part of 1869 the production of the region for that year may be esti- 
mated at something between $16,000 and $20,000, coin, per month. 


COP ere 


ee tet oe 
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SNAKE RIVER MINES. 


The Snake River region lies on the western slope of the range, and is 
about eighteen or twenty miles from Georgetown. Following up the left 
hand fork of the stream above that town, and passing through the Argentine 
district, the road reaches the crest of the range in a distance of about twelve 
miles, crosses the divide by a pass, a few miles south of Gray’s Peak, at an 
altitude probably of not less than 13,000 feet, and descends on the western 
side into the valley of the Middle Branch of the Snake River. The region 
drained by the South, Middle, and North Branches of the Snake River, and 
their tributary streams, has been the scene of much prospecting and surface 
exploration during several years. A number of lodes, presenting the general 
characteristics of those about Georgetown, have been opened and some of 
them explored to considerable depths. The little settlement of Chihuahua, 
in the gulch of the same name, lying high up near the summit of Gray’s _ 
Peak, and that of Peru, in the valley of the Middle Snake, were formerly 
points that attracted much attention, though both are now deserted. The 
National Treasury lode, on the Middle Snake, appears to be a well-defined 
vein, striking north 30° east, true, and dipping 70° to the south. The walls 
at the outcrop are six feet apart. The vein is filled with a gangue that 
resembles that of the Georgetown veins, carrying some galena but a great 
deal of zincblende. A shaft has been sunk on the vein to a depth which 
could not be ascertained, and some exploration of the lode had been made 
along the outcrop. The ore of this lode, and of many of the lodes in this 
region, is of such a character that costly methods of treatment are required 
for the extraction of the silver, and their development has been suspended to 
await a time when these facilities may be afforded without long transportation. 
The region will doubtless invite further work at some future time. 

The most active operations, at the present time, are being carried on in 
the neighborhood of Montezuma, a small settlement on the south fork of the 
Snake and near the mouth of Bear Creek; and at St. Johns, a mile anda 
half beyond Montezuma, on the last-named stream. Here several mining 
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enterprises are in progress. The hill, known as Glacier Mountain, which 
forms the divide between the South Snake and Bear Creek, has been pretty 


thoroughly prospected, and a large number of lodes have been opened. Many — 


of these have produced experimental lots of rich ore, and a few have been 
already developed to such an extent as to prove their value and to invite the 
investment of a good deal of capital for the equipment of the mining works 
and the provision of metallurgical facilities. 

Comstocx.—The best developed and, thus far, most important mine in 
this neighborhood is that of the Boston Silver Mining Association, opened on 
the Comstock lode, under the superintendence of Mr. John Collom. This lode 
is on the west slope of Glacier Mountain, and about 1,000 feet above the bed 
of the creek at its base. It was discovered in 1865, but a very little work 
was done upon it during that or the following year. In 1867 more active 
operations were undertaken; the lode was partially developed, a saw-mill and 
dwelling houses were erected, and some experimental appliances provided 
for working the ores. Since that time its development has proceeded grad- 
ually, having been interrupted during the winter seasons, owing to the severity 
of the climate and the difficulty of communication with the sources of sup- 
plies, materials, and labor. 

Fig. 5, on Plate XXXV, presents a longitudinal section of the mine, 
showing the extent of its workings in August, 1869. It has been opened 
entirely by the means of tunnels, to which method the exceedingly steep 
slope of the hill is admirably adapted. The upper level, reached by a cross- 
- cut tunnel over 100 feet long, is from 60 to 100 feet below the surface, and 
300 feet in length on the vein; the lower level, reached by a tunnel 150 feet 
long, is opened for a distance of 250 feet on the vein, and is 70 feet below 
the upper level. Some stoping has been done, as indicated in the drawing. 
From these developments it appears that the course of the lode is about 
north 15° east, true; its dip is practically vertical, though sometimes inclin- 
ing a little to the east or west. Its width varies from one to eight feet or 
more, averaging three feet. Its course is regular, the walls are well defined, 
and the filling of the vein is remarkably uniform in character. The country- 
rock is of mixed granitic and gneissic character. The main filling of the 
fissure, which is usually separated from the walls by a seam of clay, or 
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““ gouge,” is a siliceous and feldspathic mixture, not very hard, somewhat 
broken or cut by seams and clefts, and stained with iron. The pay-seam is 
from 6 to 12 inches wide, and occurs sometimes on one side, sometimes on 
the other side of the vein. The ore is chiefly argentiferous galena, two or 
three varieties of blende, some argentiferous gray copper, sometimes quite 
rich, some ruby silver, and other rich silver minerals. The gangue minerals, 


-intimately associated with the pay-ore, are heavy spar, quartz, spathic iron, 


and others of less frequent occurrence. The vein is drusey in character, and 
vugs, or cavities with crystalline linings, are found often. The pay-mineral 
appears to occur in bodies, which are continuous for long distances, both 
horizontally and vertically, so far as known; sometimes, indeed, pinching up 
to a thin seam, making the vein almost barren, and then expanding to 10 or 
12 inches. In one place, on the lower level, a width of over two feet of 
galena was maintained for a length of 20 or 30 feet. The continuity of 
the pay-seam, maintaining a fair average width for considerable distances, 
appears as one of the notable features of this lode. The value of the ores of 
this vein is often quite high. Selected lots have yielded large returns by 
assay; the greater part of that which has been worked, however, is first con- 
centrated on dressing machinery, by which means the galena, the blende, 
and gray copper, with silver sulphurets, are obtained separately. Owing to 
the absence of suitable smelting or metallurgical works, the last two pro- 
ducts, the blende and copper, had remained unworked up to the time of the 
writer’s visit; the galena, or lead mineral, had been smelted, and it appeared 
that the average value of this dressed mineral was between $150 and $200 
per ton. 

The ground in the vein is comparatively soft. Drifting costs from $6 
to $10 per foot. Stoping, $17 to $20 per fathom. The walls stand well, 
and the cost for timbering is not great. As the mine is, and for a long time 
to come may be, worked by tunnels, the actual costs of mining are tolerably 
light. The ores and rock broken in the mine are brought out to the surface 
through the tunnels, and there assorted. The poor is thrown away and the 
workable ore sent below to the mill, by means of a gravity road, lately con- 
structed on the hill-side. 

The methods of reduction proposed for the ores of this mine consist of 
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crushing and concentrating machinery, by which means the valuable mineral 

is separated from the worthless gangue and prepared for smelting; and fur- 

naces, the object of which is, as at present contemplated, to save not only 

the silver, but also the lead. During the years 1867 and 1868 some experi- 

mental works were erected, containing a number of Scotch hearths, which 

were used to produce pigs of argentiferous lead, in which form the valuable 

products of the ore were shipped east for separation. It soon appeared, . 
however, that a larger proportion of the ore, than had at first been supposed, 

existed in forms poorly adapted to this method of treatment, and the Scotch 

hearths were therefore abandoned, with the view of erecting furnaces capa- 

ble of treating the several varieties of lead, zinc, and copper ores that are 

found in the vein. The construction of these furnaces, at the time of the 

writer’s visit, had just been commenced. The processes to be employed 

closely resemble those in use at Pont-Gibaud, in France, and Freiberg, in 

Saxony. ‘They involve the roasting of the dressed mineral, and their subse- 
quent smelting, in such manner as to obtain pigs of lead in which all the 
silver should be contained. These pigs, thus obtained, will be shipped to 
Newark, where the separation of the metals may be effected. It is esti- 
mated, by Mr. Collom, the manager, that the value of the lead alone will pay 
the expenses of working, leaving the silver as a profit. As the furnaces were 
not constructed at the time referred to, a detailed description of the pro- 
posed processes is omitted here. They are given at length in several metal- 
lurgical treatises. 

The concentrating machinery, used for the preliminary dressing of the 
ore, as a preparation for smelting, comprises two Dodge crushers, a series of 
Cornish rollers, screens or appliances for sizing the material, and four of Col- 
lom’s ore-washing machines. The last-named apparatus has been proved by 
long experience, not only in the district referred to in these pages, but else- 
where in our mining regions, as a most useful and efficient ore dresser. As 
it is believed to be a machine that may be advantageously introduced into 
some of our western mining districts in which concentration is yet to become 
an important feature in the manipulation of ores, a brief description of it is 
given here. 


The drawings on Plate XXXVII show some of the details of the con- 
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struction of this machine, or, more correctly, of two machines, which, for 
convenience, are put together as one, though quite independent of each other 
in their operation. A double machine, like that shown in the drawings, con- 
sists of a box or tank, about seven feet long and between three and four feet 
wide, divided by a middle partition, as shown in Fig. 1, into two parts. 
Each of these parts is fitted on the inside with inclined partitions, sloping 
from the four sides toward the center of the box, as shown in Figs. 1 and 2, 
and thus forming two cisterns, C, above each of which is placed a sieve, b. 
The sieve-frame may be furnished with a wire-cloth sieve of any desired 
degree of fineness, according to the character of the ore to be dressed. Be- 
tween the two sieves are the piston or plunger-compartments, e, séparated 
from each other, and each connecting by an aperture, f, with one of the cis- 
terns, C. Each aperture, f, affords communication with the cistern nearest 
to it, but without any connection with the other cistern. The plungers, d, 
move up and down in the compartments, e, being forced rapidly downward 
by rockers, 2, and lifted again by the action of springs, py. The rockers are 
set in motion by pulleys, 4, with which they are connected by eccentric 
rods, 7. ‘The cisterns and plunger-compartments are supplied with water by 
pipes, g, and when the outlets, 0, are closed the machines are filled with 
water, the overflow being at g, in front of the sieves. The movements of 
the plungers, therefore, which follow each other in rapid succession, produce 
an agitation of the water, which rises through the sieves with a constantly 
throbbing motion. The crushed ores, consisting of heavy mineral and gangue, 
are brought upon the sieves, 6, by a stream of water that enters through the 
distributing boards, c, and being subjected to the agitation caused by the 
plungers, d, are held in a state of partial suspension, during which the heavier, 
metallic particles sink, while the earthy matters rise to the top and are 
carried off by the water at the overflow, g. ‘That portion of the metallic 
substance which is fine enough to pass the meshes of the sieve falls through 
into the hutch or cistern, C, and may be withdrawn thence at stated intervals 
} by the outlet pipe, 0; while the coarser part remains upon the sieve and is 
cleaned up from time to time, leaving a stratum on the sieve for continued 
operations. The thimbles, 7, on the plunger rods, p, serve to adjust the 
length of the stroke. The action of these machines is excellent. They effect 
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the separation of the galena in a very thorough manner from not only the 
earthy gangue, but from the lighter metallic minerals, such as the zincblende 
and gray copper. The last two are obtained together, owing to the simi- 
larity of their specific gravities, and they are also mingled with heavy spar 
and some quartz. 

The general arrangement of this crushing and concentrating machinery 
is as follows: The ore is brought upon the receiving floor, where the 
larger pieces are broken sufficiently to admit the fragments to the crusher. 
The clean pieces of galena and zincblende are also selected by hand, as 
far as possible, before the material is sent to the dressing machinery. After 
passing ‘through the crushers the ore falls upon a screen, furnished with 
a No. 6 sieve, that is, having six meshes to the lineal inch. Whatever passes 
over this screen without falling through must be still further reduced in size 
before going to the washing machines, and passes, therefore, from the screen 
to a set of Cornish rollers, placed below. The material that falls through 
the screen enters an elevator and is raised to the sizing sieve, that stands 
above the washers. The elevator also brings the material delivered from the 
rollers, still further reduced by them in size, to the same point. The sizing 


sieve or screen consists of a frame about 6 feet long by 18 inches wide, 


slightly inclined from one end to the other. The upper end of the frame is 
fixed on a pivot, while to the lower end is attached a long arm and connect- 
ing rod, by means of which a revolving cam raises the lower end of the frame 
about two inches and lets it drop again upon a fixed support below. The 
movement is rapid enough to impart a constant jigging motion to the screen 
and thus to assist the material upon it to slide down over its surface. The 
upper half of the screen is furnished with a No. 9 sieve, while the lower half 
has a No. 6 sieve. The material that passes through the first goes to the 
finer washing machines; that which falls through the second goes to the 
coarser machines, while all that passes entirely over is returned to the rollers 

for finer crushing and a repetition of the process. The material then goes 
~ to the ore-washers. Of these there are four double machines, or eight sieves. 
Two of the double machines, containing four sieves, stand on a raised floor, 
sufficiently elevated above the other two that the material delivered from the 
outlet pipes, 0, of the first may flow to the sieves of the second. One of the 
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upper machines and one of the lower, immediately in front of it, are furnished 
with No. 6 sieves for washing the coarser material, while the other two, 
upper and lower, are furnished with No. 10 sieves for the finer stuff. The 
ore that enters upon the upper sieves is therefore rewashed on the lower 
sieves, in order to insure a more effective separation. The overflow of the 
two upper sieves, of either degree of fineness, that is, the material discharged 
at g, is washed again upon one of the lower sieves of the same degree of fine- 
ness, the overflow from that sieve being worthless gangue, while that which 
passes through the sieve is second-quality ore, or blende and copper mixed- 
The stuff that passes through the two upper sieves, of either degree of fine- 
ness, 1S delivered from the outlet pipes, 0, and comes upon the remaining 
sieve of corresponding degree of fineness, the material which passes through 
that sieve being of first quality, while the overilow, at g, is of second quality. 
By this arrangement there are three products obtained: first, the pure galena, 
which is almost entirely free from other mineral; second, the zincblende and 
gray copper, mixed with heavy spar and quartz, almost free from galena; and 
third, the gangue, which is very clean and free from valuable mineral. 

The eight sieves, or four double machines, are capable of treating 20 to 
30 tons of ore per day; and as the stuff is all washed twice, the capacity of 
each double machine, for a single washing, is from 10 to 15 tons per day. 

While the Scotch hearths were in use the dressed galena was smelted, 
yielding about 50 or 60 per cent. of its weight in metal, which was shipped 
to Newark for the extraction of silver. It contained, on the average, be- 
tween $300 and $400 per ton. The total shipment from this source amounted 
to about 10 tons. The costs of transportation were about as follows: 


Freight to Georgetown, per ton.--..---.-.----------------++++-+---+s $20 00 
Freight thence to Cheyenne, per ton--.---.--------------------+----- 20 GO 
iucioht os Newark, per tol. -9---<-22--f.4i 04. - 226. ase tate oe 37 00 

Making in all....--- Be Re ey Pa ee cnr Pe tame ee rite aoe © 77 00 


The costs of separation of the silver from the rich lead were stated at 
$6, making $83, and with lead at 9 cents per pound, or $180 per ton, the 
balance remaining for costs of mining and reducing was $97 per ton, which, 
according to Mr. Collom’s estimates, based on the experience already gained, 
would be a sufficient allowance under regular and continuous operation. 
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None of the second-class ore, the blende and copper mixed, had been 
worked. Its assay value was between $100 and $200 per ton. 

A force of 50 or 60 men has been employed by this company during 
two or three summers, but during the winter seasons, thus far, their opera- 
tions on the surface have been suspended altogether and confined to opening 
the mine with a few men. 

There are several other lodes on this slope of the hill that have been 
opened with much promise, but none of them have yet been developed to 
‘the extent of that just described. Among them are the Prima, Potosi, and 
Coley. The last named had a shaft 40 feet deep, at the time visited, from 
which a handsome lot of ore had been taken, resembling that of its neighbor, 
the Comstock, but of which none had then been worked for the account of 
* the mine. A small quantity had been sold to other parties for $100 per ton, 
of which the yield was not ascertained. 

An exploring tunnel has been driven into the hill a half mile from the 
works of the Comstock, and lower down on the slope, by the Chenango 
Company, designed to open such lodes as it may intersect. When visited in 
August, 1869, it had penetrated the country-rock a distance of 400 feet, cut- 
ting two or three lodes, neither of which had invited much exploration. 
This tunnel has since been leased or purchased by the Boston Association 
with the view of driving it on to the Comstock vein. 

The Chenango Company have a small mill, comprising dressing machinery 
and Scotch hearths, which have been unemployed most of the time since 
their completion. 

In the vicinity of Montezuma, several enterprises of prospective value 
are in progress. About 50 or 60 men are employed here in various occupa- 
tions. A number of lodes are being opened, the most developed of which 
is that worked by Judge Lynch, who is also erecting a mill for the treatment 
of the ores produced. The general features of the veins are similar to those 
already described. The works in course of construction are designed to 
treat the ores by dry crushing, for which there are 10 stamps, roasting in 
reverberatory furnaces, and amalgamating in Varney pans. A small, experi- 
mental smelting furnace is also in operation in this neighborhood. The dis- 
trict is one of growing importance. 
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